| MICROFICHE 
x de REFERENCE < “5% - 
| > LIBRARY. / 5e А "T cm 
| ‚А project of Volunteers. in- Asia РА сз Сс» | =“ XE 
. Published by Д. Ж 2752 | E. 
: ` - Е United Nations od | 
: К ; New York, NY T0017 USA bs ES Us 
as E i Е а І ^ od - on т” 
Е, Paper copies are $7.00; асыны іп English, : | 
Е ‘Spanish, and French editions. Ask for publication 
ES. Е. 64. Iv.6 when ordering. . x 
а 2 Di А | 
"ол оу eee Available from: j 
puru |... Public&tions: Sales-  .. : DEN 2 
: . ^ ‚ Roomy A-3315 25 й Е | i S na 
EE Опа Nations | 3 3 . "M 
Né HOEK NY 10017." 08А =. Ба с=т cd 
Jmm SM ` Reproduced by. permission of the Department of . / | 
XML T 0o Public и United Nations. г» 
= d: 2 Е | es : . É / A > К 
Я M (Reproduction of this’ microfiche document in any | _ 
бюз /form is subject to. the same strictions as those | Е 


„ОЁ the. original document. . 


E / Р j yh 
at ИР ч 


. the Generál Secretariat of the OAS in 1951 within the precincts of the National 
University of Colombia at; Bogotá, as part of the Programme of-Technical 

Co-operation of the Organization of American States and in accordance with a 

‘decision: by the Inter-American Economic and Sotial Council. Тһе Centre was 

"permanently incorporated into the General Secretariat of the OAS on % 

1 January 1959 and has become one of the field activities of the Department: 

of Social Affairs. Its functions include educational activities in the fields 

ОР housing, community planning and building, research work, and the publication 

of informatidn on housing and related fields. bur | Ж 

. Yale University provides advisory and technical administrative services 

for the Centre's policies and programmes, in accordance with an agreement signed. 

—— between Yale and the General Secretariat of the Organization of American States 

а .9n 10 Магев 1961. | o7 i | x 49% 


тех 


MET д ~The: Government of: Colombia also collaborates in-the operations of the 


THE INTER-AMERICAN HOUSING AND PLANNING CENTRE (CINVA) was established by 


_ Centre through the Land Credit Institute and the National University of Colombia.. oi 
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FOREWORD А or » | 
- The. use; amd improvement of traditignal е. building materials has 
< oceupied ап important place іп the eséarch programme- of CINVA. As а part oi 
“these activities, considerable research has been done with stabilized 'soil to 
improve. the use of a material vise na ме extensively used since colonial | 
t days in rammed-earth or similar а: | | | 
` Опе edt of these researches рав the development of the СТА ВАМ machipe, 
which combines the features of being! simple to operate, efficient, and ' easy to 
, transport to places lacking motor roads. This machine is designed primarily . | 
"to stabilize earth with cent, but? t has been used in many countries to predyce 
. building materials ‘utilizing other stabilizing agents. However, the machine is 
E still most commonly and widely used б. stabilize. soil with cement in order to 
^ obtain strong and durable building materials. It is employed in many rural and. 
;9 urban areds, especially Tor. Self- He mutual aid housing programmes. 


ы Although the kechnique of stabili ing soil with cement. isa simple’ óne, 

„it nevertheless requires some degree ої competence if “the building material 
_-obtained is to háve the qualities needed for optimum use. In connexion with the 
© @INVA-RAM machine’, CINVA prepared an el entary publication on soil- cement, 

which is not intended to solve.the many próbléms that might arise but/gives basic 
instructions for máking soil- cement blocks. The. United Nations later published 
а`Мапцаї on Stabilized Soil Construüction| for Housing, * based ‘on experience 
“in various parts ef the world and intended for the use of engineers and builders. 
‘Practical experience has shown. that. there) is a need for. instructionel material 


at a level/intermediary between these’ two \publications: - the elementary’ and the 
“advanced. ; to meet. the requirements of qualified contractors and similar personnel. 
. who are not normally faced with difficult technical’ problems but who carry out 
508 good; eal of stabilized soil construction. This eo Ree -Cement: 


em — 


оо кеи conditions exist, босап! of the inexpensiveness of the , 
"material itself and also. because it can Бе made\by the families themselves to` 
build. their- own homes. Its.use may also provide an adequate,solution in гыга] 
areas: where the production or тоно of сше: building | materials is’ 

‚ difficult and costly. 
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“INVA takes this opportunity to thank атт those who have given ана 
-to or shown. interest in the use of soil- cement, in conjunction with the, CINVA-RAM. 
machine, not only in Latin América but in other continents. Sincere gratitude is 
also. expressed for the: collaboration received from many professional теп, 
| scientific institutions and housing’ Creer teat tone іп һе task of, research. 
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This study was prepared оу Engineer Augusto А. Enteiche G., staff member 


-of the former Interamerican. Housing and Planning Centre (CINVA). ^ 
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5 \ | INTRODUCTION 
The ust of simple compacted soil (natural earth) as а building material- 
' dates from time immemorial, and it can be said that ever since, and down to the 
'.present day, the method of building houses with earth has been used, because. of 
its constructive qualities. Yet, despite its good insulating and resistant ` 


^ | properties, there are limitations to the use of earth owing to its lack of ШЕ 
strength and its vulnerability to moisture’ and the erosive effects of external 
Cegents. . ) m f 


va 
2 


Provided that natural soil possesses a combination of certafhs characteristics, ` 
-however, it can be subjected to the process known ag "stabilization" The effect 
of adding a stabilizing agent liké^Portland cement, for instance, is hot only to. 
enhance its best qualities but to impart to it. other properties which soil alone 
[does not possess. е 
| The stabilization process consists of taking “soil from the earth, “pulverizing 
it , adding tó:it a certain small amount of cement, adding water until the optimum - 
-moiSture content of the mixture is reacted, and subjecting it to moderate pressure, 
: thus producing a mass which, when set, possesses great strength. The result is 
SU ‘а material able to bear a much higher work-load than could he carried by soil 
pc without cement, and durable enough to withstand the continuous ЕВЕ of 
p atmospheric agents. Қ £ ж 


| The  compgund of Eois cement and water, mixed in the proper proportions and 
compacted to the proper ЕРЕ» constitutes "soil-cement". 


1 
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: Soil- Beni has acqui тайы good name ag а building material, End it can 
з compete in technical quality with materials commonly used in low-cost construction. 
s Its- use.is steadily ара gradually increasing in all countries, particularly іп 
rural’ and suburban areas.. The simplicity of the technique involved means that 
^ peasants. and workers, without special training; can build their own homes a 
‚ Snexpensively ana withoyt the use of cdiiplicated’ and time-consuming skills. 


` 


PA This paper. shows how soil- "сеш nag be used at; various stages in the 
; construction of a house, together with a number of examples which шау! tbe herons 
a to anyone mining to use: this material Tor building. purpuesca 
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Soil. ЕСКЕ i*e use in | building is ‚ divided, into chapters, desiing with: 
"basic facts and practical ‘application, on: knowihg. soils; soil as. .f&onstruetior чега” 
“material; the. preparation ОҒ soil-cement; the use of E cement for o0 Sd 

гапа. л in. goll- кешеп, Е 5 Е s 22 б ou? - ° 
. те Author takes pleasure, in anke the ‘staff of. ihe т ад 
апа. Planning: Centre. for their "со 2. апа in particular Mr. Alberto González . 
ceo and Mr. Réul Ramirez R. ye. former CINVA ico: for their vaLushis help. 


нии. The nor also "thanks Mr. кен Sandino Рр.» Birechorlos t the Materials p 
ср Testing Laboratory of the School of Engineering of the National University ` P 

of Colombia, and Mr. Gustavo Maldonado L., Engineer in Charge of the Soils Sectign 
_of-the Materials Testing haboratory. of the School of Engineering Of: the National 

5 University or Colombia, for their jexceltent collaboration. 


Begetá, August 1905 . 
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ue ^r т. SOILS 
ORIGIN y^ S 
The earth's crust is the outer епу@рре of the solid part of the globe. 
| The upper or surface part consists of a layer of loose fragmentary material of 
varying depth. The top part of this layer, which varies in coarseness, is 


called soil. It comes from the decomposition of rock and of the remains of 222 
© living creatures нап. аге "found in it (fig. DU əй s B 


. OR 

; "The living rock is bumed to soil aterial ТЕ арабша НЕ ИВЕ resulting 
from mechanical processes (disintegration), chemical processes (decomposition), 

‚сапа mechanical-biological processes. 


е М 


Я | | ` B ] d РИ D 
" LIF. a vertical cut is made in the soil, it will be seen that the latter is 
‚ Composed of layers which are sometimes quite distinct in colour and depth. This 
‘cut is ВР а eross-section, and each layer is called a level (fig. 2): 


soil may be considered as а йш of solid Дый е, Liquid matter (water) 
` сапа gaseous matter (air). The solid matter in the soil is formed of mineral. 
EN .fragments in various stages of disintegration, and decomposition. The solid 
mec components with the greatest degree of disintegration include sands, silts and ^ 
| oe Mixed with.tr ese is a varying amount of organic matter. 


E The р 1аўег оЁ p com is called the "topsoil", usually contains а 

222 considerable proportion of organic matter as a result of the accumulation.of. 
mineral and' vegetable remains. This+ layer’ containing organic matter is subject 

“сіп turn. to the effects .of moisture and dryness, and to the soaking: of water 
through it. ` Beneath "the ‘topsoil lies the subsoil, ее little or по 

са Organke matter. S i - 2 - 
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220000000 ELEMENTARY PROPERTIES AND BASIC COMPONENTS e 


- Elementary properties a deri 


8 If soils are to be used as `a лайы: material, it is nost inportant to 

7. know-in advance how they may bellave under the various ‘conditions to which’ they 
will be subjected . іп practice, ait is possible to. “predict the behaviour of. the S | 
material, by studying some: of 3% ВОР 22/06 SOL LOVET | 


"ie x b А i i 
Internal friction Е г у PE Cou ы 

A. gi 2 in $ 
This is ‘the force which resists the sliding of one particle over another. 


E Ме 


à ; а E: ; 
internal frictions are produced їп а clayey mass or a mass of sand, 4,2. 
-according to.the moisture content; in clays; because of their капа тану a 2 


the force “of friction is much less: than in. НАЛИВУ : 5C 


N "M ҮК pa 


The reader is referred to the. cid section of this publication for. | ЕС 
figures Nos. 1- 93 in illustration of the -text. : | "mE. 

See "States of consistency" in this. chapter. | - ® 
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2 voids. 
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Cohesion ` 
Ee UH 


А True cohesion 


' which bind together ‘the contact surfaces f the particles of clay. 


vy 


” + 


| Apparent; cohesion, or moisture ‘cohesion, i$ the cohesion of soils. when 7. 
they аге moigtened with a.certain amount, lof water; this property is of fundamental. 
importance in the stabilization of soils, since their ‘cohesion ‹ can be Change 


a ira improved by appropriate аның | "- ^ | 5 


n / 
/ ; 


ү! ERST 5 
"clay is ‚ eohesive-Only up to a certai n' moisture cóntent, because: if the small: 
bartiglss of water, Covering the grains of the material become too large through 
: the. -addition of póre water, the grains Bapanate апа, lose their сођевіоп.. 


Conpressibility, 


i 


“Conipréasibi lity. is the name given to the property, which some soils possess, 
of | diminishing in-volune when a given pressure is exerted upon them. Such pressure 
has the effect “of ‘reducing the дату of the soil by ra the mumber of 


=” 


, d * 


‘A soil wich. diminishes. 31n'volome dien préssure, is applied and returns to 


dts former зав. or: almost 80, when the pressure is’ ngmoved is said to be 


elastic. 
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This. is, “the property, v which soils possess; of absorbing moisture from ali * 
ides. ме р et, E | ы 


unt of capillary zie 5 jetained by. each m of soil uil 
The finer the 8511, the 


4 


composition. is closely related to ES colour ` of- the soi: 


m 2- Ne 


Uem 


Sitio co soils EY their colours... 


2 


| 
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| 


: pone other colouring. agents found in soils, the following effects, produced 
py certain components of irón and by organic matter, may be mentioned: 


У 


Components of iron give the soil a red, yellow or grey colour. 


Large amounts of organic matter in soils make them dark or coffee- 
coloured; dark blue, dark grey, or dark green; broadly speaking, it can 
be said that, the darker a soil. is, the greater is the proportion of 

к оа matter it contains. 


‘Basic components 
ини Ассаи 


— © А Бої is composed:of the following basic elements, in varying proportions: 
very coarse sand, coarse, medium and fine sand, silt and clay. The usual method 
of determining the proportions is to classify the рактын of soil by size, . 
through ЕЩЕ analysis. | 


Y 
+ 


tn the ызды қ paper, soils have’ been: classified conventionally, on a the 
basis of their granulometric analysis and. according to the name of the predominany/ 
basic a a as sandy, silty or с clayey- aoe / 

In order to facilitate classification, "however, the pate soil SompoHente: 
have "been grouped according to pastrele Ваа аз follows: 


. (a) Coarse partiéles, or sania: from Ws 16 тїй to 0. оты s rm in size; 


(b) Fine particlės (silt and clay), jess than 0. 0.07 nm in size T 
5 No. 2С0 sieve), ; 
DEM | COS | 


а т ОЕ me e. Hume ав x 
a Particles pode. WS 24 


“Sand. This can be. regarded E: structural and inert element in soil. 
It is stable when moist, but unstable ynon dry. 
/ 
"gana has a high’ internal : ‘friction. d has no cohesion and no » plasticity. 
— Tt-does not contract when: dried. It is pervious, and is compressed ‘almost 
sealer acon dates when pressuye . is id ше its surface. 


P Fine perticles bM | 


^ 


M 


: gilt. The size of Ес partielés айпа bé seen with the naked eye, but they 
2. gritty between. the teeth. Silt has little cohesion or internal friction. 


Clay: “This is the: active tection of the souk, to which it imparts important 
properties; ‘both physically and chemicelly/ Because of its high plasticity, clay 


i readily takes the desired shape. It is а/ material smooth to the touch and sticky 
THERE wet. be - i 2 ШӨ сіз Я Б 


ШЕ; шау change in volume. when worked.. It is difficult, to compacts ама coran 


^ 


/ * 


Dey clay absorbs a considerable. proportion of water with & | notable increase ж 
in -volume; when it dries, it returns to its original volume, but the shrinkage of' ` 
‘the mass produces. cracking. It is virtually SCIO ar, and is compressed very 

Slowly when. с is applied to its surface. 


| ТО ТЕЕ AND CLASSIFICATION ` 
Before soil is used as a building material, a survey of the site from which uu 
it.is to be taken must first be made, after which samples of the soil must be. 


"obtained for physical and Е tests to: provide a detailed ‘nowLedge of its 
а. 


urve 
E: ury уз MT 


| тһе purpose o£. & Survey is to "dégeribs and classify’ the incu pios of Soil: 
"at е of origin. v PF 
АҒЫ ~ Tn order to make а survey, & erosp-sectiion ің! ‘out through the soil to a (е 
. Сер of approximately two metres below the topsoil. The depth of the topsoil and. | 
‚ the Composition’ of. the layers of subsoil = ies, the depth of those те and. 
pi ‘the: materials г which ку аге сюе. - will then be Hope. 


“Such topsoil, where it exists, is identified Фу 
“colour апа. its characteristic. odour of Sechuncsed met 


А 
MS 


E the. “Аааа. or in, | the field. E 
; will dppena ов. the faeilitien, available. ini the | 


| boratory teste - is. given dn yen summary form and purely- 
in е this paper. is: dntended te ре оғ: n m use. to г 


ЕЕ! 


\ 


ie granulometric zd (ы) Sita of consistency; (с) porosity, unit ` ds 
weight and RA ANS gravity; (4) compaction. | | 


> 


G GramuLometric analysi is 


The basic soil components are determined by grenulometrie C which 
measures the size of the particles within & given range. This is expressed as a 
те Анет nf the total weight of the matter реше tested. 


The soil componenté are separated according to size with the use of sieves. 
The sieves usually bear 4 range of ишелү, which Folate to established. 
'gotiventiona scales. 

It is difficult to Make а grenulometric. analysis of tne fine soil А ЕВ 
-by using sieves. For this reason, the fine material is usually tested in the *. 
о ъу ' “siphoning” › and in the field by "sedimentation". | 


B E A у | : ! 


Testing procedure E oe E у 


22 Тһе portion. of soil to be tested, which has passed the 4; ч? mm sieve end may . 
iontain silt and/or. clay, is. placed ча the No. 200 sieve and washed. Two groups of 
‘material are "thus obtained. portion retained in’ the No. 200 sieve is. again 

jieved through. a set of p ETE 1.76 mm to 0. оті ш, and the size | E 

соғ the- т is thus determined (figs. 5 and 5 (a))." | 2° S 


“me. текші “чае паз реңге | Жһе No, 200 sieve consists of: silt EM clay, . 
it is subjected to & test known as' the "siphoning method", 5/ which consists 
etermining the db tops of silt. and/or clay rekpectively (figs. 6 


mam HM MEINEM E. 


| kane: with а. soi1,: it As very € to know nob aly its granular’ Du 
“also certain pHysical properties Of the material, made up of fine - 

have therefore-been devised which make: it possible to determine’ . | 
in an. opproxinate мау) cy POTS the "states of consistency", of ғ 


Montant. whieh can be: “effected at 


QM 


Р 


id the ; degree. of apparent. cohesion or moisture contént of the 
oil and their résistsnce.to external forces which tend to distort UE RUN 
Ga Consistency. depends on the 2-појаіцга coment. of. Ве. -—-- ----- 


а 20 | et 
д ^ e ыы” га ` у 1 


cohesive: soil - . for instance, clay - is very wet, it becomes a, viscous 
rof eons1sténcy). . As the water in the 8011 evaporates; it 


© | e NAE 
DM CMT b ES Ў қ Е D \ . К Е g б 


Е B 


dn -becomes a soft solidj until a point is reached where very little force is needed 
to mould it into any form; it is now a plastic solid (second state). If the water 
continues to evaporate, the soil next becomgs а true.solid, but it is still soft 

* (third state). .It can no longer be moulded, because it breaks before changing 
shape; .but two or more pieces will unite if pressed together. Finally, if the 
" process of evaporation continues, the soil acquires greater solidity and displays 


the general characteristics of a hard solid (fourth state). E 


The Swedish scientist Atterberg established "limits" ае these four states 
of soil consistency, He gave the name "liquid limit" to that separating the liquid 
7 апа plastic steteagl 1 с limit" to that between tr Mastic and soft solid; arid. 

nee limit" t$ b separating the soft, solid state from the hard state, m. 


Testing prccius eu j è 

mm “Liquid initi This is the moisture content at which & soil begins to flow 

ag. when shaken lightly іп.а suitable apparatus. It is.expressed as a percentage of 
% е dry weight of the soil. us E | 


- 


Іс “has been established that this is the moisture content at which a mass 
of soil divided into two portions can be reunited, in a ae bovis een by 
‚ shaking a given number of times (figs. 7 and Т (а)). 27724 

 Plaetié linit. This is the moisturé content &t MEE & Soil passes frod the 

Blagtte to the'soft solid state... ZA Da Ж P. 4 en s 
Evi " | 

It has-péan: established conventionally” that, this,is 4 “the moisture content at 9 БЕ 
which a soil can be “rolled with the hand into reads ‘approximately three Se 

millimetres in repaid whereupon the thread breaks (fig. 8). ~ а 


е 


| Shrinkage зів. This is. répresenteà s a moisture content such that, even bo 
Af the Seer ee. of water continues, the volume of the soil mass remaing .. 
eng it: сеавев. to. shrink. о E 


UA E f ә т PERNS 


oe 


Ft has been established that, for .testing purposes, & mass ‘must: ‘be prepared! 
ш ofa small amount: of. soll: with а. proportion of water copresponding 
; roximately to the liquiaà. limit, ав defined above. . ‘This paste is  érammed into - 


РЕ chlenlate"the-shrinkage Яна у encertat ae 


: па” is “given. to ‘the ‘percentage of the volume ‘of the soil 
seupied Љу: the pores, Ё[ | р | 


Я. 
К 2. 


| Unit velght is. ‘the weight of агу soll contained in a givén volume (the weight i 


The unit weight of-a soil: is. dn inverse. relation to. its porosity and ree 
is. compressed, , Since ‘the seme: volumne then: contadns - & larger quantity of soil: 


E 


SA. Specific gravity, is the weight of dry, solid soil contained in а. given volume, vu 
\ without reference to the voids. 


ЕТТИ gravity is always greater than unit wise When a-soil is 
oupacted, its unit weight increases owing to the reduce! ibn of the space occupied 
By the pores. If a, sòil gould be compacted until it became & completely solid 
massy its unit weight: would ‘egag Tum. specific gravity. ioe 


+ 


4 Compact:ion | 
e ag ТЕ we compress? a mass of soil mechanically, we increase “its unit weight; this 
) process is called pombe en ап, 


- When a vpelátiyely dry soil is compacted, the patticles cannot move. Within the 

; mass because of friction between them, which 15° caused by the" ‘lack of a lubricating 
222. agent - in, this case, water. This results іп a high percentage, of voids and а low ^ 7794. 
^* unit weight. When a soil is lubricated with more water and then compacted, the 

particles move easily the percentage of voids is reduced, afd the unit. "weight 

incréases until a 'eeftain limit is reached. This limit to the increase in the unit 

weight is achieved when sufficient water has been added to produce the “optimum 

moisture edhtent" of. ‘that soil; therejis then sufficient lubrieation to give, on 
а. the best я unit weight, 1.е., the "maximum unit weight". 
Р еп : а. Sik. with a а percentage of moisture is: аі, a given unit: 

Sete ht is obtained, If-the percefitages cf moistuve are varied. before, compaction, 
uiting -unit.. “weights ‘will also var, . if these percentages of moisture аге 
related to the corresponding. unit weights, certain values are fpuerueg whith се 

be represented graphically inthe form of а éurve, known ав а "compaction, curve" 

If we take the point of maximum unit weight in this curve, we shall find the. 
corresponding optimum moisture content (fig. 9). : ИЕ е 


Я РЕ be ; 
А soil otmpactea m optimum moisture coiitenk and- aiman unit weight possesses 
stability, | ever LS it is later ‘saturated with water. 
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 FihdMests 0002” е ре а | 
eats in the лета 6/. consist. ot. practical. methods. giving. results. which. 
: although ‘approximate, ате. acceptable enough. as & basis for deciding how the soil” 


еШ. as 8 pM material. ыркы a i : imu TT 


: “these field tests indicate the DRM DE of. the basic components і in in the boil 
sample taken at. TEE. site, and. rd the type "Of eon} tested. oet 


Field tests ney be: divided ihr 


ay! ‘General soil tests; Ом * apex E. |. ES 


| : "i 3 ў . 


52 Tests of tnp fine fraction, mires | 1 "ox : ў ен 
oi ad у - Ж : =, 


5 20% ; 
| 9 е ae * 
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Qm the naked Bye (o. ОТЕ xi), i - к УЫ T 


К. -z fe 
The general, tests comprise,the following: 
(a) Visual examination; 


(b) Testing: ty touchy 
` (c)- Sedimentation. 


n Tests of the fine praction comprise the following: 


(a) Shaking test; | 
(v) Dry. ИВЕ от 
(=) Brightness test. 


5 Ж 


` General teste 
x Sere 


ИЕ 1 


TF 
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al 
“Granular ecmposition 


| | И 

Уізав1 examindtion. This gives an idea of the proportion and size of the ` 
coarse granular components (very coarse, coarse, medium and fine sands) and, by 
inference, of the fine particles (silt and clay), since the ‘smallest particles 
visible .to the naked eye are those of 0. 07% mh, i.e. fine sands. 

| 

Testing by dich, The feel of a E to the -toych indicates: its basic 

7 component о бср accuracy Ап the field. i 


- ү >. 


The. following “procedure is used for this purpose: 


а i 
4 


(a) A representative sample of thé soil is taken, the very ` ‘coarse particles , 
‘larger than №. 76 im (gravel), - being -removed. ; 
3 (b). The sample is rubbed ° between the fingers, er between the fingers ard the 
© palm, of the hand, ta estimate the size of its component: 
- = "Bend. ACTAU: speaking, coarse particles, or. sands, when dry, have a 

_ characteristic rough feeling to the' touch and lack. cohesion.. The size of the 
za grains ranges. approximately between Ir; 16: qm ада. the- smallest particle- visible, >>. 


з 


| "gilt. ahi clay. "Both Te and «ау ввоза ‘be, Beate by touch in both the ary 
ene moist SHARES, as follows: | D Қамы 


+ 
© © 


: git. Dry silt ns a rough feel similar to that of fine sand, bs less 
"pronounced; moist silt is of кетиш рану, " 


; lay, - Dry clay is usually in the form of coarse clods or grains, aid, resists 
pulverization; moist clay is very adhesive and plastic (figs. 10 | and 16 (a)). | 
Sedimentation test. This ‘test Supplements; the, préceding ones and indicates 
‘the -proportidhs 95 the basie soil o m ua: "with greater accuracy. ' | 
Ме аке а, ng Sind bottle, with a, ШО sufficiently wide*to be 
~sovered with the eno cylindrical or prismatic in shape, nin а 212% bottom, And... 


IPSE ің ch ts 
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PIE 


в. & зараны of not less “than опе half-]itre. Soil is placed in the bottle up 
‘quarter of its depth. | Clear water is added up to three quarters of its 
геа hs d bottle is lef undisturbed until the soil is ВЕНЕ with каке 


Й The sieut of the. bott] is. Sue ЕЯ with the fana; and the bottle is ~e 
hakėn-vigorousjy and left/to settle on а horizontal surface. After one hour, the 
€ process of shaking a allówing to settle is repeated. . After forty-five 

m utes it will be noted, | without moving the: botile' from its place, that a layer 
of'sand has settled at the bottom, and above it, in most cases, a second layer of 
віть will, have formed. —Kkbové this second layer there will be water containing 
Тау in suspension, whi "yin клеш settle at the rate of mim реп hour 
88.911 and 11 (8))., * 


a 


з gum M “+ 


After eight hours), LI different basic Сов аге measured. 


т” 


odiment. Each layer must be measured separately. and related 
nd the. result of this calculation, will xil the нша ай 


bysital 2. ДА when their. “moisture one is purs Many fine soils. shrink 
детей. and | e рала (беп! moistened. This is ‘an tngevourable factor, when, they: аге. 


imilarity they are often confused. • silt and clay, pulverized or 
neg, but | they can be easily. identified by. their 


y Stable in the: presence of water. When 
взу ünder the и of the fingers. | 2 


deformation’ i in the moist state, ‘but they ағу; 
yt shrinkage .or expansion with. chang s in 2 
| . They are’ difficult to compact when - 


od TW. MF. > i E" 
x aa^ Ri TE 


s, whi ch 


7 seconds. 
together’ with the. material in.suspension сапада іп it, is Chen immediately 


d атам off into a sballow. receptacle, This type of receptacle is used to allow 
^o tithes material a also to settle, after which the water,. now without any material in 


suspension, c can be poured off, while the portion of sgil wanted for testing 
'femains at the bottom. Any excess water it may contain is eliminated by 
evaporation. A portion of this material is then taken and rolled in the palm of 
the bani: until it orms & ball approximately 2.0 cm in diameter, which must be 
bret üght to a soft, “but on no account viscous, consistency by adding the necessary 
later; The ball is placed in the palm of one hand and struck vigorously against: 
"several ee so that. ‘the. ball is d cxi E (figs: 12 


= After the ball has been shaker, either ‘of the. following reactions may be 
a. won 
А E Ы . : | 2» i . 


e 


АД a: at Pili- of. water appears on its surface, giving it. & smooth, elgssy and 
2 
ery”. appearance; or | . ы 


ху There ів по change in the appearence of the water on its surface. 


le. d t 


E 


L7 


pM "Next; the ball is айгай be Ci the fingers of the other hànd: (tig. 5), апа 
either of the following reactions: may Óccur: ` " 


: ta] The water disappears from the surface, the small. mass Hardening ‘and. 
“eventually cracking er erumbling;.. E | . E | ; 

(ы). The appearance “oF. the- weber may mot: change, “the ball being рз 

| into, a › dripping plastic mass. | | ' э 


a omt nama т тете 


[n order. to. observe. the we that occur at both stages of the teni T s 


is desirable: ‘to. repeat these астана several. 


= 


Kang and бейіні A the delle i 


omponents. of the ‚зо, аз indicated in table" 1. 


рлы асын ї 


sa a Surface Water reactions in fine РИ 


J 


Type of reaction Effect on the ball Significance 


Denotes a lack of | 
plasticity and indicates 
a very fine sand or an 
Е 4 | AC | _ inorganic 811%. 


Rapid reaction ' Water appears and 


disappears rapidly. 


Water appears and 


. Indicates a slightly 
—* -disappears slowly. 


plastic silt or a silty 
clay. 


Slow reaction: 


5 


The condition of the 
water does not appear 
to change. 


Pressure of the fingers, 
produces a dripping 
plastic mass, but no film 
of water appears and 
there is no hardening of 
the ball. Indicates а” 
clay or an organic 
material of considerable | 
кр Е 


Sa Жеш Ne 


1 

| 
ва reaction 
| 


кесшш: 


В Ў қ i ! ` 5 59 5s 


in. ender to facilitate СЕРТИ the following recommendations are made: 


;* (a): The rubber tubing.to be used as a, siphon should “ре кру filled 
ш with water and one énd closed with the кемда A bo, у E 


! 


pum 51 Тһе ореп end | should be inserted in the bottle tò- а. Шы. slightly above 
: the sediment. | | 


2 à 
DE (e) The closed end of the si hon oula” be at a lower Level than the’ botton 
Е р 
er ‘the bottle. 


s 


E^ y а eth test | 4 a | ee ДЕМЕ ст i та pos 
Nia teste used to ‘measure the plasticity of the soil, “For this purpose, ws | 
“the: soll is “separated. in the same way as for the preceding test and formed into а 

pall moistened’ ‘to the consistency: of dough, with a diameter of approximately 

[un cm.\ The ball must be dried completely in а dry atmosphere, in the sun, or -, 

. "with direct Heat. Its resistance to crumbling or pulverization is tested ‘between. А 

11 the fingers (fig. ш). and may vary in degree according tó the fine. components | is T 

: predominant An the soll, ав" showin table 2. or ur los 


€ ` “Ae | ме 007 М Ed 


Brightness test 


: _ ЕС TABLE 2 ' 


з Dry strength test of the elasticity of fine soils 
Dry Э СРИВ. . Effect on the dry ball | Significance 
. д | 


ж PN 


Low strength The ball can be easily Denotes & lack of 
pulverized. cohesion and indicates 
z inorganic silts, very 


x i | | i; | ' fine sands, or a.soil 
| | HET 7 combination containing 
Te ENS a small amount of clay. 
' Medium strength 2. Considerable pressure of Indicates an organic . 
БЕР ЖЕ the fingers needed to clay, silty clay, ora 
е ы | pulverize the ball. rather saridy clay. > | 
SR 21 >. > 
. High strength! | The ball cannot be ті ' Indicates inorganic and 
Бед о pulverized | ^ highly plastic clay. | 
р eo Бе р | | \ 
| 6085 : Та | E D | 


we 


аз 18 а quick test for Seve cerns: "the presence of sy. 


s 


«The best way of making the ‘test is to cut a mass of rather moist soil with a 


. kife. If the cut surface is seen to be bright, this indicates highly plastic 


clay, while an opaque surface indicates’ silt or sandy clay (fig. 15). 
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Supplementary field method то асарын p гс. texture 


Table, 54 y is included as a | supplementary guide bó identification, in addition 


о the field tests. a EE 


‹ 


^ 


pf. Taken from Manual ‘on Stabilized Soil Construction for Housing, United Nations 


ООО» Sales No. : 58. ТН: oe 
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Soil Visual Detection of, Particle М 


Text- Size and General Appearance 


ure of the Soil 


Sand Soil has a granular appearance 
in which the individual grain 

sizes can be detected. It is 

free-flowing when in a dry 


condition. , 


Essentially a granular with 
sufficient ‘silt and clay, to 
-meke it somewhat coherent. 
Sand characteristics ..' 
predominate. 


; Sandy 
Loam 


A uniform mixture of sand, silt 
and clay. Grading of sand 
fraction quite uniform from 
coarse to fine. It is mellow, 
| has somewhat gritty feel, yet - 
is. fairly smooth and slightly 
‘plastic. ^ 


Contains & moderate amount of 
the finer grades of sand and 
only. а small amount of clay - 
over half of the particles аге 
silt. When dry it may appear 
quite cloddy; can readily be - 
broken and pulverized to a 
powder. 


© gilt 
-Loam 


‘Contains over 80 per cent of. . 
silt particles with very "little 
fine sand and clay; When. ry, $ 
1% may be cloddy; readily * + 
‘pulverizes to powder with в 

soft flour-like feel, 


| ente 


‘Fine. textured “8011 breaks into 


Fine textured soil breaks into 
very hard. lumps when dry. 

Difficult to-pulverize into а” 
soft flour-like powder when dry. 
Identification’ based on cohesive 
| properties of the moist soil. 


А 


physical beHaviour of moist-soil. 


Clay 

< Loam ‘hard lumps when dry. Contains 
i more clay then 6116 loam.. : 
tek Resembles clay іп а dry condition 
\ Identification is made on 


Us AS Identification based on the high punc content. 
Qu Soils | material with considerable amount of mineral soil finely;divided with. some fibrous remains. When 
: considerable fibrous material. is. present, tt, may be: classified as peat. 

‘sometimes the woody structure can easily be recognized. 
ву ‹ occur in lowlands in < or swale. 


TABLE 3 


ТОИ 22 Fielà Method for Identification of Soil Texture '« 


Squeezed in Hand and Pressure Released ° 


Will not form a 
cast and will fall 
apart when pressure 
is released. 


Forms a cast’ which 
will crumble when 
lightly touched. 


` 


Forms a cast which 
will bear careful. 
handling without . 
breaking 


Forms a cast which 
readily falls apart 
when lightly 7 
touched. | 


Soil Ribboned · 
© Between Thumb and 
Finger when Moist 


Cannot be ribvoned. ` o = 


Cannot be ribboned. 


` Forms a cast which 
will bear careful 

handling without „ 
bregking. i 


бап be handled 
freely without 
breaking. 


Forms a cast which 
can be freely ' 

handled,  Pulverized 
it' has a soft flour 
_ like feel. 


can be freely 


soil runs together 
and, puddles. 


B 


Forms a cast which 
сап Ъе handled -` 
without breaking: — 


сап be handled. 


podales . 


‘Forms а cast which 
сап be handled м 


\ 


without: breaking. 


without breaking. 
It canbe worked 
into a dense mass. 


can‘be handled . can be handled. 
freely without freely without 


bresking. | breaking 


-15- 


Forms В ‘cast which 


Forms a сав which 
has а Wroken appear - 
handled. When wet, 


Forms a cast which 
"to ribbon with. а ; 
'. broken appearance, ° i 
"feels smooth. NM P 


“When wet, it readily 


Forms a cast which 
can be handled. freely 


Forms a cast which | Forms а cast which 


“Muck consists of thoroughly decomposed organic 


“Тһе plent remains ог 
Soil colour ranges from brown to placi 


They have high shrinkage upon’ arying. 


Cannot be ribboned, 


4 


Will not ribbod but 


ance, feels smooth, 
and may be slightly 
plastic. | 


It has a tendency | 5: 


Forms а thin which 

readily breaks, b 
barely sustaining 

its owh weight. 


Forms long thin. 
flexible ribbons. 

Can be worked into. 

a dense compact " 
mass,  Considerable : 
plasticity. . . А 5 


 WORKRBELITÉ- OF-SOELS USED AS ‘CONSTRUCTION MATERIALS - 


“Тһе purpose of! table 4 is to give an approximate idea of the possibility, of ы 
“ys ing different'soils as construction materials by indicating the degree of . ^u, 
workability, which will be considered hen we deal with the. stabilization of 
soils: . 


` 


x NS $m и Pe ds ШЕ | Ul | 
ыз mi C qM 4 TABLE he 3 | $5 w 
- ^ Table of "Workability of Boils" TE as construction materials : 


PROPERTIES OF SOIL may, a 


а ^ 


‚олу De OF LS бе 470% (0 o | ^ permeability |  Workabilgty2/ аз а 
pr | when compacted cqnstruction material 


ШЕ ! Sands _. | т о EE "Pervious . | Excellent. to fair 


@ 


E Silty sands © , . | > та к Semipervious > |’ ^ ^ Fair 
ағы Е 5o impervious e 


ше — 2 
E - М 


` Clayey sands. А | м2 ^ Impervious ACE NC. 
pto Organic silt and very Fine sands: Co. | ,Semipervious | | poo Pager’. 
| Silty or clayey fine ‘sands: with. ИЕ : to impervious.” | lf 
Slight: plasticity. MI - - t 4 ; 


$5 Inorganic-clays of low to medium ” |, Impervious.., | “Good.to fair , 4. 
LES plasticity. Sandy clays. Silty clays. | | жы 


^. Organic silts. Organic clays of low. |, Semipervious ^| ` . Fair E 
|o plasticity. A UE 242 to impervious He | Ue Mater 
: 2 ee AN S : \ ENSE 5; А ішесіз 
: : i Д i 2 : ER \ ERU MUN E T rk | 
Inorganic: silts. Elastic silts. - |. \Semipervious * ао ; Poor sí БЕ 
212 5 LU о to impenyious | Ace 


Inorganic clays of high plasticity. : | Impervious’ Е | T Poor ЗЕ 


V 


Organic. clays: of medium to high E UE Impervious - И oe a a Poor 7 ae 
plasticity а а Ж Ee 3 P 
а Tu T JE SEE GEHE D ERES S a 
voa нанай. from the table given Ъу the Bureau, of Reclanetion, in Unified Soil 
M Classification System. . | в | | ие 


777 _ Workability of а soil is the. ease with which & ЕН ат сап be "handled 
Pr or worked in.a normal mixture, SY or Е and ease of compaction. рер 


ар ҚА tT E Я А à 2 оше | 
ba Mose LT E * ay : ЕКІ i 


oa: 


II. SOIL ASA CONSTRUCTION. MATERIAL 


мекен meres N ——————— он 


реа зе BACKGROUND 


lal. i atto from the time of Hannibal, durite the-Second Punic War, when it was 
| 66" "build watch-towers for look-outs. These towers were seen intact by Pliny, 
"Roman officer sent to Spain in the year 67, 300 years after they had been 

acted. Observers in recent years have vouched for the existence of these soil 
structures, ‘twenty centuries old. Р i 

сті cthe-fmeriéss; soil in its natural form has been widely used in buildings. 
oteworthy examples are: thé pre-Spanish structures raised by the ancient Indians. 
n Peru, using bricks and blocks of ‘crude clay simply dried in the sun, the ruins 
-of whith can be observed to this day. The bricks меге of small dimensions, 
measuring. up to 0.10 m in length by 0.20-0.25 m in width and O.10 m in depth; the 
“blocks were of enormous dimensions, being up to 1.50 m in length and 1.00 m in 

i — Теве сап be seen at the fortress of PRIRBODER and the ruins of Chanchán: 


The famous Church of Santa Cruz. іп South Carolina, in the United States, Е 
thstood the violent Charleston карпы with only slight cracking. x^ 


"o7 _ The Convent of “San Francisco in the Argentine city of Santa Fé, whose soil 
walls: were completed in 1695, is further evidence of the durability of this 


construction material. Е 
Р ы % D Е 9 j 


Forms in which soil is used ЖА, | i o © 


“Soil is used in construction in the following forms: | | pa 


е In the form of rubble; cut. from the surface of the өзді, in pieces or 
s ptocks. of- 5011... е \ з Ж к ENG 


d i 2 st gg Е 


(ъ). As bricks, made in wooden forms or moulds with soil: moistened to the 
required degree. # ; 


C Molatened soil compacted in es in suitable rigid frames to form 
smonolithic geming (remned earth). 


(a) As stabilized soil, by cofbinimé it with an agent ih order to improve its 
‘constructive шее. А | у 


co mr с 702 STABILIZED ‘SOIL : 
ы о ў : 5 ` ү 

C Despite its End insulating and resistant qualities, the use 'of simple * wd "Pl 
compacted soil (natural soil) is vulnerable to moisture and to the erosive effects: bv a 

.of external agents? CT Loa Rs . 


к 


ас 
: Soil авла а 1 is the. папе’ given to certain processes to which’ na 
soils авт subjected in. order to ane them more suitable for use as & construction 


a 


utility: p construction work “through: the years. 
x В V " E ; LM 
Vx Aid Thé. usual gtabilizing procedure consists. of taking soil’ rn the earth, | | р 
“pulverizing it, adding some stabilizing: agent, moistening it to achieve the 

"optimu ‘moisture content" and therefore the -"waximum unit weight", and finally 
ubjedting: it, “manually or mechanically, to heavy ;pressure (compaction) | in ordet 
%6 г estore its L cohesion. EN dM p = 3 


мей ойв of stabilization. ELI. n "d А 


" - t 5 F 


° 


| "Methods оў stabilization must meet the following eriteria: i^v ex LEE: 


E 5 


ЕС “The asic material Bed must be soil. 


DT “The: аниа ‘material must be able. to withstand the effectssor eLinatic 
я in; order togretain. Tus properties. ut M" 


КЕ : А 5 ELA 2 


‘The: vasic wiethods of Е stabilizing soil are as follows: EE CHR 


IUE 


Me or | the first three. stabilization methods are gealt 
| ing the subject оғ this. paper, is discussed. in greater; 


m  Waterprogting 


Waterproofing consists of adding to the Seu: bituminous materials (asphalt or 
EL which ecmbine with the soil to form mixtures that are stable and highly ` 
resistant to thé penetretion of water. Thus, tbe* moisture eontent of the mixture 
remains more or less, ,Sobgtant, and the result is a material possessing invariable 
"properties. 
| The low cohesion of some natural soils is greatly improved by the addition of 
bituminous materials which aré themselves sticky and cohesive, and this is another 
of ihe. peculiar adven tegsa of this method. 


Ж Оле of the most important requirements of this stabilization methcd is that 
the soil and the bituminous material must be uniformly mixed. In order to obtain. 
an acceptable mixture, therefore, the soil must be pulyer ized) so that, the 

, bituminous material can be distributed URLCODRINS 


| This stabilization method gives very effective results in the case of cohesive 
soils made up of fine particles (clayey soils) which do not pulverize or mix | 
`еав11у, provided that a suitable mechanical mixer is used. 
3. 
The акайта: to this stabilization method in some cases is that the bituminous 
materials are vulnerable to thé effects of soil bacteria, with the result that the 
absorption of water is ТВОЕ Ва ес. and the material becomes unstablé. 


Chemical ‘treatment 5% x. fg ° 
Chemical stabilization ЕРА the use of procedures designed to improve. the 
physical properties of soils through the addition of such chemical substances as 
-—LHime-or-sodium silieate and. calcium chloride. Qo | SZ ME" 
Chemical treatment: not only improyes the ТЫЛ properties of soils but 
also, in some. casés, changes “their chemical composition for the better. In order 
to treat soils with chemicals, кше, it is ПАСЕ to know their chemical 
composition.. А ТУ 


Stabilization with lime net! only produces chemical changes in soils, thus 
nod fying’ their. elementary. properties, but also has а binding effect and increases. 
their strength. | 


Ж ` Additdion оға binding egent рай Г; | : P 
Se e аа WE "d ^ V uu 

“This method consists; of mixide а a soil with some agent so that itg ‘particles 
pind together and remain firmly united and unaffected by moisture varfations, thus 
prodticing a strong: and very durable. аман The. ‘binding ‘agent Бе DET used is . 
то Мапа cement. Pes 


voe this type of x age cue is  thorougi - mixed with the | 
‘proper | ‘Amount of the. binding agent, and "sufficient water" TS d to,hydrate the 
‘cement, eventually causing the soil to consolidate, ~The cement combines with the 
хас, sets, and forms a material of Bosne strength. .£ . 


II. PREPARATION OF SOIL- CEMENT 


INTRODUCTION 


General Jo. 297 ms a 
UE io " : қ 5 eis 
: The use ‘of natural ВЫТ in the, traditional form of adobe or “rammed earth" . 
is: limited because of its low^strength, which means that it can only. be used in 
^ walls of great thickness, and its vulnerability to atmospheric agents, and , 
especially. to the effects of erosion. tos i К 
roe те. this аа. soil possesses certain technical charabteristics, {t is | 
possible , by adding to it/& small given proportion of cement, mixing 1$ with water 
. untif the. optimum moisture. content is achieved, and compacting it'to a беш! 
. degree, to produce a mass “possessing great ЕВЕ when ‘set. When this is done, 
the material can bear much greater: work-loads than could "be carried by the soil 
without cement, and it also зоввеввев maximum durability in the présence of the 
continuous action of &tmosphdric agents. The effect of the cement on the soil is. 


p >to change the behaviour of its particles» and to improve its stability, converting 22 


the с masg. AREG a st cture АННУ to deteriorate ang ‘of greater‘ 


"This ‘eompound of бай кезеп апа water, mixed in the proper proportions and 
= property Sombacted constitutes. soil-cement. : 


ar isi Bor otobilise ibn with” “cement. is-one- о E 
ot shrink. appreciably when dried. “Ап ideal. soil must be very compa скеле 
of a mixture of sand, j. Silt and clay, the l4tter two in‘ such /à 
on- ав: ive the: mixture ‘suffi ient. cohesion. end а. ‚коой кашау ES 
ion, without harmful Shrinkage, ш 48), M E nd 


ti ty. and ть to’ soils.” ‘However, 2 which) contain 
Higher than а; certain Limit. (25$) have а strong tendency tor: 
n. iations of. moisture 2 when. hey become. агу. \ DEREN * 


К 


One Ay of ен those С m is to add & carefully" аса ел 
ount of sand to the- -over-clayey soil. When this is done, the soil meets the 
ri ria for an ideal soll. 

р Ё 


Advantages. "of вої1-сешеп® P қ "» == % ae И С E 
ы x ` m 54 E . 
ће addition of cement to soil produces a material which, , possesses all the 


(c There is little change- of volume through. absorbtion or loss, of moisture 
ее + 
КОЗ т. does not deteriorate when submerged in water. 


: ey “Tt Tae a compressive Strength similar t6, or “even. greater then, . an 
ordinary 1 peace of fired clay. 


z © 
5 5 


i 2 —— == 


ur СЧ PARPARATION 


Tue preparation of REAL egens should be restricted to the following stages: 


> г - 1 


С «Componente; NONE | 
o) Mixing" of the components; M T ео e 


Е Y. Com anpaction of the mixtures 


der to prepare soil-cemen ри 
or this purpose, а. survey is made: of: the. area: adjacent. to the "Work-site 
the гу s soils. available. After а preliminary visual P 
‚ take nd those considered unsuitable are discarded. „The 
ng Өншріев is fndicsted wader: "láentffiestion end 


wc 


sanay on S aré chosen, when available, because they produce the best 
|. „results when. stabilized. The optimum proportion is 75 per cent sand and 
25. per cent silt and clay; the content of clay’ included in the latter percentage | 
should be not less than 10 per cent, The sand in a soil constitutes its skeleton, 
at a certain amount of clay is: needed to bind the mass together. 3 . 


ce “Broadly speaking, the soils considered suitable for, soil-cement construction 
“work” are those containing а. minimum of 45 per cent sand with 55 per cent silt and 
E clay, and a maximum of 80 рег cent sand with 20 per cent e d clay. 


‘Soils containing organic matter, which is found mainly in ‘the topsoil, 
. produce unsatisfactory results when stabilized. 


dine recommended: percentage are only approximate, since soils may be found: 


| | containing different proportions оѓ’ the basic components from those indicated and ' 


producing favourable results. In the case.of fine Soils, this is due fundamentally 
to the.chemical composition of the setis, P b is difficult to determine К 
„field tests. 


Recommendation: The final choice of the proper soil ГАР be ide on the 
basis of a prelimi y “selection according to the proportions indicated above, and 


"^in the Light ofthe behavicur of the soil when subjected to field tests (as 


indicated under "The cement’; Which allow the reaction: of the soil under 


| "consideration in, һа ді sence of cement and water to be observed. 
Y T 


M Once the soil samp has bee Í found %о be of acceptable quality and the site. 
from which the material will be tákén h s thus been apis: the preparation of 
the soil begins in sarit. i 


“улы аа 


а 


3 E 


Eth. the cement.. 
the proper moisture content: when a. ‚ pend ful. can be: ‘taken and. 
Е ater appears оп the surface, and when the ball thus formed, upon 
sed, alsintegrates without the ‘appearance of lumps. А 
богат moisture. content ‘of the soil has "been 'reduceg) any сісін . 
in are "proker*up and pulverized ` by. striking then with a shovel 
ic the. Boil"is ‘sieved through a screen held horizontally аў а. 
0; 99. m above the ground. ‘This screen should. consist of 
Pts atone end to-aktow the-— — 
ved, anüewith the other ABER | 
рене (fig. и 


a n Pv C ME: . : я | ‚ ; 
войт. cement, when prepared; “ist а Compound of soil, cement and Бе, “Тһе 
igh quality of the resulting, construction material. depends on the use of the 
correct proportions of both the solid materials `- soil and, cement - and the 
liquid: component , water. RI AM. qeu A 5 


‘The cement : о" P» x ae н 2 ҒА 

ally used i "n 
. The qement ао used is Portland cement, the technical qualities of 
ich arexwidely knowh and are guaranteed by. the manufacturers. However , cement, 
must be. stored indoors in &.plege with waterproof walls and ceiling, and the. 
floor, which must also be waterproof, should be raised Hue ground level. 
It. should be hoted that prolonged’ eium of cement causes a gradual - 
“reduction of its strength.: ‘Lumps *also form and. this is & sign that the cement 
e.c old. or is being affected by moisture. 


“In. he field, the percentage of cement to be used in ROLES cement а 

сес determined experimentally, -varying the proportion ,of cement by volume between 
ЕТЕ 15 per. cent and 12.5 per eee. and using the same type of soil. 

The percéntages mentioned must be adjusted according to the type. of. soil 

"used, in accordance with the ОНЕ table: ' К 

Jr U. E * . = 


+ 


NORMAL PERCENTAGE OF. CEMENT | | Ys 

4,75-9,10 

`8.55-12.5 Жы | | 
~N po Ry ` { 4 

до; 5- -15.h (not recommended for use) = x 


ее "Basic components" and hyaentification and classification" M TET 


In some cases, the use of sandy. soil requires an increase in the клы а . Ж 
of. cement. our different percentages. should be tried with the soil to be gi X 
. used - two equivalent to the extremes indicated in the table for the Бүре К 
22 ОҒ. soil in question, Bod two intermediary ‘ones. 


e c percentape: spec “blocks: are: “made in, вау, the following a s 
length, Ih m, in breadth, апа ae em in depth. | | E и 


‘The “mixture 15 рге as. Nndicated- ‘above undef Mixing the components", " 

ame: moisture content and: compdction must bé"ensured in each case. serie 
A : ` FL F 

< Th 22... curing оғ the blocks must be. done in the manner indicated 

зушы: апа curing" | 


E gis ina na ei 5 р ome 


le, hé blocks ere ee eee 


| ӨТСІН Tensile РАНЕЕ (Fig. у The tensile strength is tested ins the 
following manner: The soil- céirent block dis placed on two supports measuring 

2.5 x 2.5 x 15 em, which are”? сш apart. Іп the centre, and on top of the 
block, is. placed & third EN 6 Of the same measurements as the others, and 
from.it is suspended, Љу cons ef a flexible рива а receptacle into Rs 
‘weights are placed. Ei - 

“Тһе strength of the block cark be measured by the weight that is added to 0 
= ae receptacle before the block bregks. Ihe highest breaking point will Lorca 
the best- quality block. | [s P ED der S | 


Am 


(b). Unit weight. Thig is Legted. by weighing n а Minne each of the 


СТА that have been made. The | "maximum unit weight" will indicate the best 


N block (strength and durability are леса Vr E to the "unit weight" -> 

с of the material) с. 7 "Dr 

: (e) Sound test.' Upon being struck lightly with a hammer, the block Should 
Aeodune: а metallic sound (fig. 21) " I a Е 


(а). Нагадевы test. .If.& 10,cm neil, for instance, Чв taken in the hand 
(ud "the block is ЕРДЕ obliquély, uo. cavities ‘deeper than: 2 шп should be - 
present (fie. 22), ыы = 
Te. те block Sos sharp, : firm cizes s (ris. 29. 
"MA (f) The. block: should not' show "аву marked changes in its original | 
dimensions. zm a. е | Fog. ^ 


Nm e T . E cd . " ч 


а : When Bubmerged ‘in в. eonteitier of- масер. for sight, pout, ‘the block. 


2 should 1 not show: signa of Rr TUE (figo: Lu and 24 (а уу? g 4 


E P 
me 2 ж 


The water oe Алар P SU E vv US 


“The. аа. of Wüter- to be used tea ‘fundamental factor: — if the | 
1ге: is either too ud or excessively moist, "this will affect the workability: 


ula be gr and should not. p any matter in Б 
affect the. ELT, of the, soil-cement. 


VN TEE uy >” 


м arare sphere ien 


Mixing the ‘components. 
: Preparation area | | : 4 А a 


Economy. is a basic factor in. the preparation of soil- cement. mixtures: 
^. Rational planning of the “preparation area" is theretore essential (fig. 25). Е 


, 22 
‘ > г 


It is ЕТЕ that the components of ‘the soil- cement should. be conveniently 
at hand, and a "mixing base" should therefore be prepared, consisting of a level, 
hard and non- absorbent floor, so that the components will not be-subjected to 
"variations ` of moisture through contact with the floor, and matter other than 
i phe components of the mixture will not, be picked up in the mixing. 


, “ 2 м у Я 
Dry mixing w 


M ` NE 


Before the components are mixed, they, must be measured. out in the” обаға 
proportions. For the purpose of measuring, it is desirable to usé а ‚тёсеркнс1е. 
of .knowri voume and easy to. handle. 


When the soir has been measured Sut, dt is deposited on ne "mixing bese" 
and spread out in a. layer not deeper than: 10 en. “fe cement | is. added by а 
LODE, uniforitly, over ШЕ» layer of soil. > 
16 i8 | essential for the tement’ о be distributed ‘аз. uniformly as possible ^ 
"through the soil. The mixture is considered to be uar when all the material 
has taken on a uniform colour (figs. 26 and 26 (а)). ‘This operation can be done 
‚ Фу. hand or with a mechanical mixer (fig. 26-(v)). Hand, mixing means: that the 


; components r must be turned over with 4 shovel on Mig: "mixing base" 


TE the “water, and set mixing 


"AE an 


: inm ‘When n ary soil dnd cément are thoroughly п mixed, "the ТЕРГЕ is spread | 
in low. layer: on the- "mixing: base" , and water isisprinkled on it from a 
waterihg- -сай until the moisture is. Geert bured uniformly? throughout the mixture 
Tig: ens Do TINO UE. Es | 


The amount n water added. must Фе that needed to give the . maximum unit 


ғ у Қ | М 
s 4- 4 fd. . ls 


‘The ‘optimum moisture content f the: mixture can be determined by à. Simple 
a test, which. is. explained 1 below. c 


hant or gates x ТА E pM 


The "test eon ieta of. "taking а handful of ‘moistened. mixture and squeezing р 
it in The hang. Ween the “hand. is Send any of the Following results may be "^. 


v" The nixtüre- ав the shape of the hand. (fig. 28) without oiling it; 
can be pulled apart without disintegrating (fig. 29); in addition, if it is- 
ropped from a height of l.10m to а hard surface, it kun disintegrate Anto a 

loose material similar to the original mixture (figs. 9 (a) and 29 (8)). “This 
means. that the mixture has. the tight. amoun of vaten: | 


(b). ‘The mixture retains the shape of the hand, but sticks to it and soils 
it; when it is dropped in the same way-as before, it will not disintegrate | 
put will flatten (fig. 50). This means that the mixture has too much water. 


ee quu EE. ) - The mixture crumbles and does not retain the shape ойне hand (fig. 31). 
ae This mixture has not enough water. ` ^ 


LO A E the еше 
ай H ROUGE ae 


If we have a assure of soil- cement, moistened with a proper amount of water, 
ts ` апа we want it to as e a specific shape when the drying process is completed, 
©. ‘the mixture ii Meet + into d mould or'form and is compacted. This moulding is 
| called: "compaction", _ and it must be carried out within two hours. after the water 
8. . is added to the mixture. i | 
ғ = 


© 


In this НЕЗ iut the loose mixture is compressed up іо а eertain limit 
and its total volume is thus*reduced. When the process is completed ; we shall . у 
have obtained a "maximum unit weight" and shall have a harder, more ,compact mass 


c - 


with a minimum of vores. "D м 
"Two methods may be employed . Гог. compacting soil- cement used in 1 gpnstruction, 
ee BS follows: К : ; ; | 


m ЖС? One method uses shuttering’! which may be of large size, making it 
possible to ‘construct one section after another of wetting: rammed in place 
known as "monolithic valine: 2 ; 

| | (9) The other System uses moulds, to prefabricate small- sized pafts, which 

“ық E „аге joined together during the’ construction work. 

Ж The suitability of one. system | or the other will be determined, in individual. 

418655; according to local conditions and the building те 0968 employed. 


с. w ` o + ы; - 
4. ES dac : * ; v 


Shuttering method 


For this method, the shuttering must meet the following requirements: 


Hats ы”. (а) Tt nee be rigid, in order tc avoid distortion (it is generally made 
of wood or iron, suitably reinforced) (figs. _То and 10,(a)). 
| (b), The length and depth: of the өн желіне will depend primarily on the 
dimensions of the катна апа one АЕ О E for и it. _ * Е 
(е) The | clamps of the shuttering | should “be such as to allow rapid assembly: d 
and dismantling. ‚ My 


pe T 5. 


Under this method the ШЕК ен mores its о moisture content, is Yu 
m or transported to the place where the walling is being erected ‘and is placed in eee nrm 
Ta the и ee forms -& loose, uniform layer not more than 15 cm in беріп. 


ЖЕ TM | 


—. h . "ou 
c - 5 


x 28/ | Also called>"forms" or "moulds". 


i AL e Beal 5 "A 1 
"E i 
Compaction is effected with a metal or wooden rammer, the lowér end оғ whieh 

із shaped like an arch (or wedge), or which terminates in 8 square base: 
approximately: 7.5 em. square. The lower edges or corners should be slightly 
rounded to prevent ` damage to the shuttering during ramming. The shaft of.either ` 
"type of rammer should be "round. and should Фе, 1.5 m long (fig. 32). The rammer >. 
.is. „used by driving it” against, the: mixture with both nonas; х 


е ) Maximum- compaction has етар е тва when the strokes of the rammer: “produce 
узса clear and metallic sound, in “gontrast to the dull, muffled sound of the mixture 
e when it is паа rammed. 7, Ку 


ae new section gen t be ecnstructed, ‘on the third” aay, on top of one already” 
. finished. . ; 


' 


s Immediately the last layer бг the. Бее%1оп or ріесе,ӧҒ walling under 
i construetion is completed, the shuttering is removed arid the material is covered | 
hi. ist. sacking, which should be kept moigu. for three. ‘days. 
BR allows very rapid work. The ES construction is very aita 
and has a smooth finished surface.: Being monolithic, it possesses great stability. 


Sc 
The: technique’ is simple and easy for anyone: to learn. 
‚ Modding method à | it LONE | А 
cot T —A——— қ Я | | А m а S 
EM The method of а ва in і nulas consists of making blocks by the MEA 
Brpceduresr EN | " "S -—— 
NOE Іп simple moulds? . 0, с UA i d | PS 


E " En . " қ е. 


oe ‚ By techanical moulder. mE е 4 


| Simple moulds or forms ^ E x no | | Жо | = 

p E А 4. @ р "Sy ' ns қ ri E 
The making; of. blocks by. this заса" requires the use of a rigid mould, 

which may be made: of detachable pieces, hinged, or in one piece, and is usually сы 

"of wood,- together. with | a rammer Prt һе same material (figs. 33, 33 is у) апа” : 


т. E 


(ors ese јә is dede. in «he : following шаппег: The дема is placed on. a flat, | 

* non= absorberit surface, and the: loose, moist mixture is placed in it in successive , 

+ shallow: layers, which are individually. rammed until the maximum compaction is f 

- achieved: As |sooñ-as- ‘the block is finished and its upper ‘surface has been S M 
 smoothed off, the: mould. is.removed (fig. DE 4 ы 


t м 


RE 
; "There is one type lof. mould which requires the use of a special implement 
E removing the mould "Pom the block? Thisżinstrument, whieh is known as аз 
"pusher"; allows: the s irrounding mould to be slid upwards, leaving the block 
vin 168 eum EISE 55 ae are ss, ; | 


e P" mx cers к бз, Ж ИРУ 
е Эв 


"ый, E ` | D 


Mechanical mou ders 


Bienes J НЕЕ operated ‹ or. motor-driven moulders may be used for making blocks 
bi this method. · pe мее Es 3 c j 


De ей 


DM m. . 
int ж the mechanical moulders’ in use, the fear ae лау be. сатқа с de 
_ Lenderete, the Winget, the Ellson and the CINVA-RAM. Scd 


КЗ a 


те СЕСТРИ Р 


p ыр 

pe This moulder (figs. 56 аһа 36 082) is NO, as follows: 

; (a) The CENVA-RAM moulder should be get up ina level place inside the' 

‚ "block preparation: area" and near the "hixing base" . 
^ ) EN Ф a. 5 E k 

(b): The. tox OF the“ moulder (a EE mould) ‘should be coated on the inside 

with & protective film (dil or grease) to prevent the soil- cement mixture from 

i sticking to its walls. Figure 5T shows the moulder in its. "rest position" and . 

Ju xmi for the box. to be fitted: : Sues Ж Е Е 


te) | ` The “plock-makine process; ЛЕТ with the НЫ into the moulder vox | 
“оғ Some loose, moist mixture, the total volume ОҒ which depends on the ' р 
peculiarities : ‘Of. the soil used. Тһе volume ` ‘required is determined in each case . 
| by ele ana oe ‘after a number of test blocks have been „made. EC 2 


С қыш) and the catch is төзбей to enable ‘compaction %о begin, [D (5). 
2” 3 à 7. 
(а) As. the Tevel of e mouider ' is lowered, the. son slides part of the `` 
roducing 168 maximum pressure when the ‘levers in а. гөр рзд 


Gy x аа ЖА; 


ve еу When the block. has been dine. it is removed ‘from thé-mould.by t by turding- 
othe sever in the opposite direction until it is. again horizontal, ‘but on the 
“other Si e, In this position,” sthe piston ‘has reached its maximum. height, 

pushing the block paras йа releasing. it on top of the" moulder box (fig. BT; cay 


те block іс carefully removed from the noulder and taken ku ode arjiùe ° 
51: (e с ы DRM ; 


cks- are "bo: be mde. with very ашау soils, а plate must be- placed. 
of the box "before the loose mixture is, put ns in order to « 
; Төзе the: mould | (figs. 38. end 25; (8)). : 


fg. ты” og 


me of the. cement is very гадае 8 іп Боз1- cement! for this 
end sam, ora. operations must be iu and (m 220 
B iny or in other words; within a per ion of two. ‘hours. 


-.. 


‚Морозко welling 


E Por drying diced попой іс walling needs a moist covering (wet sacking) 
E "Por the first three days after it is made; thereafter, it is. sprinkled with a fine . 
‘spray .of water until the end of a Вее of eight days. 


“Blocks 
To ensure proper зав, the blocks dst Бе seamed with adequate protection 
against sun and rain: : 


“Тһе p Kept, away from thé earth on a dry’ level Sunface 12 39). 
От ‘The -piócks mist té &llówed to dry ‘slowly and Without violent: chatiges of 
. temperatüre. Loss of moisture must therefore be strictly controlled during the 
“first twenty-four hours after they are made, in order to prevent them from drying 
ouk. completely all at once, since this-may affect thé quality of the material. ` 
' After the first twenty-four noise. the blocks are watered regularly with a 
vysprinkler (watering can) in a fine spray under low ы (fig. ho). 


On the third day m they &re made, the е are stacked or piled,” 
апа spraying is continued until “the end, of eight days (fig. 39 (а)). 


: The blocks may A used for construction twenty-one days after they are mene. 
ie At: hee -eå of that time, they have attained very nearly their maximu., strength, 
nd the major p changes us 5..5 shrinkage) have also taken place. 


| SOME COMMENTS ОМ: CERTAIN SOIL CEMENT LABORATORY. TESTS 


уле» “Reference has been leds in the preceding chapters to field tests for 
|. obtaining - the proper proportions and quality of the componerits. of soil-cement : 

» "in order to have a good end-product. A better material will be obtained if these 
| proportions and qualities can be adjusted. on the basis of “ene did: of 


| dapóretory. tests. e 
i «Мы 


Қау These teste will not. provide worth-while € eee they can ‘be compared 
| with other tests carried out with. similar components and in accordance with 

| fixed criteria, (international tectinital standards). Comparison will make it 
possible to determine. ‘the bést qualities to which the material being tested must 
conform as ‚Сов. as ponstble, "S 


z h 
[1 


2. The Xeclinfcal- istandards. mentioned above Bee | established by inabitutione 
= with specialized experience of construction material standardizetion. 9/. 
22 Information on. the И n be obtained from them: 


- * ES 


Pd * 
Я j р 2 | А D : 
y 1 ови, Society. for- Testing Materials (ASTM). . 2. British. Standards’, і 
Institution. 223. Other national: construction-material standards 


2 ‘institutions. Ш. Association Française de Normalisation. 


vere follow some brief comments on. some of the tests used to determiné. 
chnical standards are met: . ^ AT ON Е | 5% 


г м 


p E > жат А t ' : И E : 
s strength test "LE. NS nes Р 


This test is used to ‘determine the- Strong. n thé ЖР БЕРТА. (f*gs. hl 1% 
1(а)).\ тї. 2 not meet ‘the еге etendend, it. should be borne in mind 
2. xd VE e is а | К Ч 
: (a) There iga oleae relationship between the compression isst: the | 
буре of: soil, the: proportion of cement, and the zio po d content. 


— қ 7 ЕТ 


к bompressive strength ‘incrtases MIR ee If 1% does not, the sost 
а” 
Po ы: f 4 
NG в pom tonda: Жо become greater аз x “weight i: increases. 
; A -Above the: degree ofr optimum moisture content ; Strength wilt tend to decrease as 
the, moisture content inéfeases. iof. 


e -À E 


(aj; ; Bach: soil-cement mix requires a certain cement content to give good 
resultas abote Аһів amount, increases in cement pe not give a corresponding 
increase, in › strength. 11/` . 


t 
5, 7а 


Moteture-adoofty relations tëst of soi cement mixtures’! 526 


“This: test is used “о: determine the- “relationship Бей the ffoisture content. 


of: ^g: soil-cement' “mixture and-ifs dry unit weight. It is performed: "by varying 
i the. moisture ‘content of a soil- cement, compacted in the laboratory, Before the . 
‘cement hydration ; and under certai n special conditions. °з 
E s The moisture’ content and the corresponding combhetéd dry unit ВЕ аге 
plotted in.& "Moisture, Unit Weight" graph of the soil- -cément . This graph 7- 
includes & ‘point! indicating the ape mm шога content ™ to which™the ^'^ 
"maximum unit weight! corresponds. 


lity teris give the best 3udfention of the "behaviour of soil- cement 
asa construction material. ху {+ е SEE ; E 


ч i І | i А X зы & à ius 
These teste consist: of- Тый Ору procedurés, “апа are aban. as the "yetting 2 
-and- drying" ‘and’ freezing- and- thawing" tests. ' Their results indicate. the most 


suitable cement content. Е 


i8 ideà. is taken from Empleg de Е ав Suelo: МЕНЕ en ia 
construcción, de. hebiteci ones: geonomicas, ys César = о 1952. 


sf Bonen 


i an | Society for ығына Se еее 2559- NT and | бо: n 
jS : А Б -oBz ^ A | m | 
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‘This test is " intended’ for determining the soil-cement losses, moisture 

айрев у. апа volume changes (swell and- shrinkage). produced by! lrepeated wetting 
d.i rying of compacted soil-eement Specimens. 14/ The material is subjected to. 

twelve successive. cycles of wetting- and drying;. after each cycle it is brushed, 
the loss in weight’ of the dry material, the moisture. content (absorption) in 

elation to the moigture content at the time óf moulding, and the difference. in 

lüme in relation to the yolume at the time of moulding, are determined i 

Se Ne end? Aen E 24% . > r 


E 


E e 0 $. Nc vu, D 

‘In this КА ет 50 ement is Те to the effects of intense 5216 ы 

ірбегһа1- "tension$, 5; and this discloses the soil-cement losses, moisture changes; 

е changes (swell ‘and shrinka e) produced in compacted Specimens of soil-- 

се nt- mixtures’ by. successive: freezing anā thawing. The material is subjected 

welve successive cycles of freezing and thawing; .after each: cycle it is 8. 
shed,- apd the, Ss inwweight of the dry material, the moisture content in 

el ion tó"the moisture. content at the time of moulding; and the difference in . 

volume. irn relation to. the volume at the time of moulding, аге Glebe rained (figs. 5 


nd в t, ee m Pp uit fatus са ЖРА 
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i 


«i seat жақынға whether an increase in ‘the proportio# оѓ cement . ina 
ement mixture producen. a standard. reduction in the absorption of waver: 


i 


spults: of ‘the "est deviate from. se Е о can be 
р tion: ОР" the material, by varying the си and/ г the. 


cement in a to obtain better results. А i . 


posing which, takes place when : 8: sgil- cement : 


Б: „сае ised by Mn. A. Е. jg. Alcosk of the IT EAM ME. 
to determine. the proportion of cement. on the. basis of - 
інкеше of the. soil 29 be cora This method is реш: 


15/. 


Unit weight itest-— 


The unit weight of 'soil- cement varies according ‘to thie type of soil’ and 
,500 to 2,000 ke Am 25. 


“the degree of compaction. n P from j Al 
. А unit weight much below 1, 500 Ен Y indicates that: the quality of the 
soil and/or ` the degree of compaction must be improved. 


Erosion test 


This tést ‘indicates the resistance of the soil-cement P the direct effects 
of a fire spray of water under a certain pressure (figs. 45 and 15 (а)). It can 
be used to determine, the behaviour of the material, especially against the 
combined effects of rain and wind. 


Since there are no refined standards for this test, samples containing 
different proportions must be tested in order to determine the most suitable 
product . 


< 
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' IV. USE OF SOIL-CEMENT IN HOUSING CONSTRUCTION 


INTRODUCTION 

A И 

preceding chapters have dealt with the fundamentals of soil science and 
t use of soil asa @ construction material with the addition of cement. 


+ Я т" 


‘The purpose ef this” chapter ds to show the зын Ны offered by soil- 
ешеп%, as applied, to- the various URS of construction of, a house: 


2 | The- methods described are ‚ £hbse normally used for & simple building, in their 

_ fundamental aspects, aud employing the most commonly known craft techniques. In evéry 
Operation where it is possible and gconomi tal to use soil-cement, this has been 
included; in other cases, some techniques and materials which may serve as 


р 8 
| satisfactory adjuncts are recommended. 


А 


^ { a | | "- AN 
| | FOUNDATIONS 


econ” 
AL 


MUS 
a. 


: -The site selected for the’ foundations must be capable of bearing the loads 
transmitted by the building. 


Ee 


MAT Foundations consist /of two fundamental parts: the lower foundations, in contact 

aot with” the- bottom of the. excavation, which are the foundations proper, and the- upper 

| | foundations, which rise from the lower and are кы less thick. . " Ў 
“The РТИ or the ое varies greatly, mM to the type 

of-house and the nature Of the building site. It is desirable, therefore, before 

| deciding upon the kind of ‘foundations to be used for a particular house to carry 

out а. soil survey from the се се of safety and economy с If there is 


8. obtained. ы 
| The. Touer the. strength. of. the fdundation, soll, ше broader the foundation < or. 
"seating bage needed for the house. St à ; ; v 
| “The foundations ОР а ‘house should preferably be БЕТА consequently, no 

gaps should. be left in pldces where there will be door and. window openings, unless - 
"proper precautions are taken (Pig. Е | id: А E "P APP os 
iM Buh DE 
БЕ2Е ОБЕ should always rest on firm soil. ‘Ona firm Gee sloping site 
ode is usual, for reasons of economy and. safety; to follow ‘the gradient; the “ 
“foundations are then laid. in slips, of varying length according to the gradient 


Пы). = еу : E K 28 P 


ш 7 ` jt 3 Й 
| 


| 
p. p enough for foundations. ате those composed of stones; EUR 
consolidatéd. dry sand, and consolidated wet sand and compacted. lays not. subject to. 
appreciable moisture Minge | " 


қ : 4 -51- 


Soils unsuitable for foundations are those «өнбеді of vecetabie matter, dune’ 


sends, dumped earth or fills, and weak clays. 
базары; siks ES 
TN ГІ When the site for the .house bag: been staked out, the excavations within which. 
==- 075 Ae foundations will be laid are dug. The depth of excavation will depend on ће 
| quality of the foundation soil, which will determine its'ability to bear the VELEN 
impaseg ор. the foundations without setšling or .Sinking of the Soll. 
\ 


eT a 


тї. ане site for the foundations is of inferior ашылу; it. is > 78 
2 /aesizable to excavate decper and to improve the horizontal based by. laying 
sien ` down materials whitch can stand heavy. compaction wth’ а rammer (small stones). 
E Lex E 


E E жы 
E Шет 


"At muddy or filled sites, it is recommended Ghat strong hardyood piles, of 
suitablé diameter and length should be driven into’ the bottom of fhe excavation at 
* intervals depending on the. estimated load (fig. 48). - ~ | A 
87522724 Even vhere the foundation soit is of good quality, it is recommended that the 
‘minimum depth of wall foundations should be O.40\m in the case, of| walls bearing 
© the с of, the roof. | dyed 


Жа Г 2 : 2 ! ~ 


w In order that the weight of the house may be distributed over.a.greater area,- 
‘the lower fcundations should be at least 10 cm wider then the. upper foundations 


"m Tories o 


In laying. the foundations of a House with walls of’ soil- cement, ap important 
factor to consider is that-the foundations must be able to withstand déstructive 
agents, “and particularly moisture. Moisture mos not Ве allowed 55 ise to the" == 

` base of the valls. Ж ke gx AA Ub 


` ы 
“ 


AEN . The strength Qf the foundations must v &t least equal to that of ‘the soil- _ 

| _cenent walls, whether. the latter are of ‘prefabricated blocks or monolithic. E 
IBE: Teas Tor foundations recommended. below are ‘economical; amie "and ' 

чесе sound. Tu choice of methed will depend on the b ELE available. 


e 


"Lower foundations ° | i Г” pee 


о ое tae А è P Pace. o ү P бө aaa a 
| Cyclopean concretes, | AE | : 0 S "s Uo 
> ee ы... 4 5 . LI $ 


Е For this- -type of- foundation; -&he--bottom-of--the- excavation- ie covered. witb-a- 
bea i or concrete (emr ie depth: 10 cm) containing 175 kg “oft ‘cement per cubic 
a metre of concrete (1: 5.75.6 by volume, approximately ) ор. Which is placed а layer 
of washed stones ‘of T.to НО cm, so arranged that spacessare left between SAM M 
. them and that. they are thoroughly embedded in.the concrete. -A~second layer of the 
ваще type -ff concrete is then added, ~ So that the first layer of -stone is completely 
immersed: and covered toa depth of at least 3 cm. This process is керене: шы, 
the required depth of foundation is. ,aghieved (fig. 499: 


S 


* 


“Тһе. lower foundations are topped off with & istis level Te of concrete. 


t 
а 


Ин: 2:6] Concrete to which are added jarge stones or ‘boulders, in proportions varying 
e "from 25 to = per cent. As this method for foundations. does not use soils, ү 


Rammed soil- — 


Й 


For this type of foundation la mixture of cement апа `ѕоі1 is first prepared in 
[t proportions of лш ds ч by volume, with ап appropriate amount of 
k water. iv | | 


^A shallow layer of sinal 1: stones, “thoroughly compacted and Золе € 
should be placed at the bottom of the excavation; the soil-cement mixture is added 

“зіп successive loose layers тот deep and compacted by ramming until the пах от 
“unit weight is achieved. 18/ Тһе material must be rammed uniformly throughout 

2220 the foundations until the required depth is attained. The top of the foundation 

. 5... Should be level and distinctly rough (fig. 50). А | 

Consideration may be given to the possibility of а ар ЫЕ into this type of 

“=. foundation а. certain percentage of small washed stone, which should not be larger 
thai "em. € | | 


Ramined soil- cement foundations must be laid at a well-drained He, since the 
compressive. strength of soil- cement is appreciably reduced when it is saturated 
with water. ` 


e This type of foundation is ond toasted with prefabricated blocks made from 
"'"eemént and soil mixed in proportions of approximately 1:10 by volume. . 19/ The ` 
‚ "Bottom of the excavation is levelled off апа a layer of concrete, mixed in 
‘proportions of 1:3.75:6 by volume, is spread over it to a depth of 10 cm and 
‘finished with a rough surface: The first course of blocks is laid on top of this, 
“Fyre bed-of mortar containing cement in the*proportion of 1: 6 by volume. The 
E (e эз. is built up tō the required heignt with successive courses of blocks 
(fig. 5l . 
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^ Upper БЕН 


| General -.. р ai 6% B í 
Genere t | | и 


EN 


.. The top. of the upper foundation dust be ünbrcebünkely 15 em above groünd И 
„Теме; in other words; the-total height. of пе upper foundation "will be 
gepproximtely 15 cm. i 


upper foundation goes on with the use of shuttering, which. is made of wooden 
ET "boards Шашу supported. | 2 
Еа Ihe rbundutton БШСЕ не, must Ъе so. made ‘that the bounds - are perfectly: 
US aligned, propped uP; , brached and secured against movement of any kind (fig. 52). 


ME See “preparation” i 7. Қ i 


т See "preparation" —~ 


жы е бу pena iga a a 


“When the” ler" fOuna&tlon reaches” “ground level; —he-work- ‘or: ‘constructing: tthe rene 


i oo | TC i e 


` + 
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om. An upper foundation is generally used for walls made of prefabricated blocks, 
-^Bince monolithic ог rammed 'soil-cement walling is built directly on the. lower |. 4.7 


foundations. 
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- Methods for upper foundations ` 


cement concrete 


- This “type of upper “foundation is made of concrete containing 175 kg of cement | 
T cubic metre of concrete, with stone not larger than 7 cm. e 


 Ramned soil- cement 


A For “this type of upper fosiabtton a mixture of cement and v M soil is first | 
prepared in proportions of approximately 1: :8 by volume , = swith an appropriate amount 
PO . . Of water. When the shuttering has been properly erected, the soil- cement mixture 
ы ша in the mould in two equal and successive layers. Each layer id eet 
pacted by. ramming until the maximum unit weight is obtained: 20/ AEN: 


7 


EE is. Ета PASE the top of the ааа сысы shpata “Бе absolutely level 
-and have a grooved surfacé-toó-facilitate- а кита сене корк for the жолынын NN. 
course of, blocks forming the wall (fig. 55). 

саве upper-foundation-shuttering 15 removed after five days: | 7.12. o0. 77 
т “Тһе Шер foundation Surround the house must be adequately waterproofed on 
це outside, (utm ріңеделінд or: cement-based ` paint) Е 


ement blocks” л 


E 
os 
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1 his “үре of upper foundation is. nde. from grefabricatcd solid "blocks 3-3 cene 
: деші bij ir proper е ые 1:8 by volume. -21/ Wh 

еп ®ч%з==%нтее-еөштв Ses of blocks. made to the - 

op of the foundation and joined together with a 
о НЕТ 


any mponent ЕЕ mora R end анаа of ‘parts 
t gether. with а. moist ленді called mortar. 2 were 8150 ЛЕ | 


Ine structural function of a wall is to transmit the loads x s on it to 


vo serve as а propection against the weather. | = 
The thickness of a wall is determined by the funetion which it is to 
perform in the house and the materiais of which it 4g to be constructed. 


2 


Horizontal waterproofing | 7 Рај 


4 


When the foundations have been built up to the required Tevet, the division 


‘between foundations and wall is marked by a damp course of horizontal insulating or . 


VOETE T OTSE material. 


Тһе purpose of the damp course is to protect the wall from moisture which may 
rise From ones earth by capillary action. s ; Е 


The. horizontal waterproofing of & soil- cement wall шау be effected іп various 


vays, including the following: 


Е = a Bitumen 


-Waterproof cement mortar. pes 


This type of damp course is made with a mixture of Portland | ceme&& and sand in 
gp por ава of 1: :2 ог 1:5 by ,volume; dt is advisable to ааа to this mixture a 


5 the manufacturer. 


UE 


. The. ‘damp course should pi enn an absolutely horizontal finish and should. 


a ‘be ‘not more than about.15 mm in depth. (fie. 51). 


Я 4 $ 
| The "mortar is. spread over. the БЫА, of ‘the foundation, forming -a horizontal 
A whith will be smoothed off with a trowel үші 54). 1 


-d4 


: “THis ‘type. of ddp. course is formed by applying two coats. of hot bitumen to the 
surface. of. the foundation with a—brushs х 


s. Lis e 


4-2. м 
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“The. foundation surface must Фе. clean аза агу to ensure : perfect adhesion of. 
the ‘bitumen, - Е : | - i 


| ‚ Bituminous, “yer A M . M | т | "E Y dn 
ROUGE TENURE | : 
“this уре of damp course is ldid in the following, manner: hot:bitumen is 
"dry, апа-а strip of bituminous felt is bonded to it (fig. 55): Where two strips 


ipot: asphalt in order to- ‘obtain an absolutely: unbroken waterproof layer: 


applied жы &-brush-to the surface of the foundafion; which must pe clean aub e 


of felt аге: required, the strips must ‘overlap- and. be bonded. together with the ; (Same. , 


| Wall-building ` 


ж 


` -General 
: - Before work on building а soil-cement wall begins, all-its horizontal апа” 
7—77 werticalb lines must Be marked out. = 


WE urn When a wall is being built, СТРАТЕ be strictly horizontal and the 
» Wall. must be absolutely vertical; to achieve this, a carpenter's level, plumb-line 
апа a string are used. These tools must вас анато; correctly (fie. 56). 
E e | 


" The gauge is & very useful та building а wall of -&o11-cement blocks, 
. Since, properly used, it enables perfectly uniform courses ta be laid. Ті consists 


(af vi, * ы 


of a piece of wood marked in lengths corresponding to the HEELS of the block plus 
чле mortar. e | = P " 2 
ЕНЕСІ g: “ов a “length Of. walling, а plumb and level gauge | is E 
E &t each end (fig. 57) with the help Qf: the "string", attached to each gauge апа · 
оу о А the courses of blocks can be akept perfectly horizontal and vertical. i 
 вої1-бепе& ‚Тоба Da 
,Batlaing a M nr of өгізі геше blocks Pulls for PPS correct | use of tools. 
Ж Сто facilitate add simplify t ene ЗАЛЕ of bloclis 4n te 2 wall, the use of a 
"lock fitter". offers в simple, sure and speedy solution s (fig. 58). | 
4 MTM | Рі ^ | М ; P "i [rs x | 4 d 5 | E ad | =. 
axis . ` PAM P t m ть © ; | 
Же way in which ied are arranged ina wall is* "called bonding. S ES 4 


vdd essential requirement of correct bonding is that all "the ТӨРТ should зе T 
— carefully arranged- to-ensure the -ргорег transmission of- vertical leads. Іп other--- ==; 


“words ,. ‘alternate courses аге во laid that the vertical... шо or seams in-ene gere ен 
course: do Bot egingide vith those in tne course below it. 


u$ С Bonding, or thé proper aistribytion of joints, - requires that the seams of а’. 
course ef. blocks should getnelde with the centre рош К оў ке оше in the. 


— T£ dus E: в 
pm } i565 : 2 MET 


iüures. 29. and Ju n r illustrate the. bonding. of. soil- cement blocks in wan 


тас _ Sanctions ef. ] 
Figures 60 and 60 Ys illustrate p methods of joining | walls of: 


RS р р ; А » i 
Figure 61 shows how cavity blocks are used in joining two walls. 22/ 


~ 
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- Mortar ~ M" | sos ) 
a xy л Ф 257 & T > ! 
^. General.’ Mortar is a compound of certain solid materials and water which, when 
mixed in the proper proportions, form a mass that sets after a certain time and 
binds the blocks firmly together. 
The specific setting time of mortar varies несе, to the ‘winding ügedt 

used (cement, lime, etc.). : 


ч 4 d 


The strength of. a’ wall depends on the combined Sheen of ihe blocks. and 
the mortar. | ғ 


hye А If blocks and mortar are of equal strength in a wall subjected to vertical 
Loads. both will bear the pressure equally; but if there is any weakness in the 
“mortar, the blocks will, be subjected to shearing stress resulting inevitably in 
eracks and fissures. .. = 


It- IB. a mistake to use 3 high-strength soil-cement blocks with weak mortars or 


| ET bf water by he blocks from the fresh mortar is a factor to "pe 
- reckoned with in soil-cement wall construction. In order to ensure a sufficient 
amount of water for proper setting of the mortar, it is advisable to moisten the 
Surface of the blocks in contact with the mortar. | = 


2 


я 


m" The mortar used between courses. ала in the vertical. joints should not 2% 
Фе more. than 1 сп in йер; it should also contain the amount ог water required for 
сене: ы ( ; : meses Е ‚= vena 


0 


алыбын КЕ ЕСИ ЗЕЕ aes (ae 


Zu A very "Bedliuble ыш. of wall finishing 1s the "marked | seam”, which : is, 
; obtained by trimming the seams of fresh mortar bétween the blocks with a suitable 
tool, so that the faces of the боари (fig. 62). 
5s Е 


222 mortar. “the so lloving mortars can be used with soil-cement ‘blocks: 
(a) cement mortars; (b) cement and. lime ‘mortars; (е) soil-cement mortars; 
A). mortars of ‘soil-cement mixed with lime.’ 


“The: addition of a given pércentage of hiydrated ‘lime to a soil-cemerit mortar ume 
eld. TE. favourable Pep bus This RPEHES on the type Of soil used. | 


2 254 most highly recommended mortars are those made ОҒ: (a) cement and E 
(бега) soil in the proportions of 1:7 to 1:10 by volume; 23/ (b) cement with 

lime ‘and. soil in the proportions of de 5d to 1 of cement, 1 to үе of lime and . qu m 

8 +0 12 of soil volume. 2 Бес eee —— ee 


| 22/'. For cavity blocks, see "vertital reinforcement". jV a. mo JR a КӘР 


BO See "Ihe cement". С re ee 
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еа When lime mortar is used, it solidifies as watey is lost En аны 
- or absorption by the Blocks) and setting takes place Өтөнү: . 


ет 
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General. Soil-cement ів,- іп баба. capable of withstanding ¢ertain shocks or 
_`вфтевзез caused by seismic disturbances. 2h/ me 


In regions subject A very intense seismic. ТРЕВИ tensile stresses a 
which cannot be absorbed by the soil-cement material may occur; it is therefore 
, desirable to install pillars and wall plates, properly reinforced, to absorb. 

. stresses of this kind. Adequately reinforced pillars are placed at wall junctions, 
; and reinforced wall: plates at the top of the walls. 
à à 

An regions. where statistics show that earth tremors are “not too intense; the 
pillars can be dispensed with, provided that there is an Bee dente distribution 
; of. interior ‘anchor walls in relation to the external ‘walls. | Nevertheless, 

T it i always advisable to add a wall plate, or beam which, serves to: anchór 


the hole Вегасе, and the roof. | E a X o 
CH 2 - | ; : 
hc AN RE. w Ы x B ы ЕСТЕ ж T 


4 қ uu 
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De м ‘Reinforcing pillars. for soil-cgment walls are placed inside the ЖЕЗДЕ 
|... themse ven or at wall, junctions; consegüently, their dimensions will depend MINCE yS 
or the. thickness of the walls. The smallest dimension-of pillars will be 15 cm | 

SE through. the thickness of the wall; and the. ‘pillars are reinforced with four om 
А . iron. rods 10 mm in diameter; with iron braces 6 mh in ,diameter every Ф > сёй. "The f 

о pillars ‘should be properly a anchored. to-the-foundation. The concrete,used in'the `. Е 

pillars-—-should, contain 280 kg of бешеп per cubic metre of deret CS 1/2:h. 1/2 

approximately. by ои The «рагзе. segregate. used shouig-be not larger than ШЕ 
ae (өшеді stone). 7 СЭУ L CX vA 


\ 


оет inside the wall, in order to make сүрү ке сен 
ib. t- to'earthquakes ів shown in figure 65.: These vertical RO 
Lu. suitable ией, increase the stability of | "the 


PII. dus eius i асық ge 


ре: forcement. consists оғ “iron Soda ‘be or T. 51 mm in diemdter, . PLI 

he fou оп. The сопсгебе fill for this type of reinforcement. б 
n 210 К of саће per cubic metre of concrete (1:2.45:5' иене * 
gregate: used чөп. be not Barger than: 2 em 2. чок, 


ыды ы I с е СЯ 


E i % * Age M LL Ld 

Sor : ge в ] : 1 
б т. * БЫ E В : , 2 h . 
3 . ^ Г”, 


of ¢ National Bares of “Standards.” вой =cement їв also E of 
EHE "shocks. er: ‘stresses caused. by high winds. | 


D 


doer 


se of cavity blocks is in artificial T-joints, as illustrated in 4 
figure бі. E z | > 


ох : ym : 
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-- Wall plates. In seismic regions, it is of the greatest importance to diste 
-at the top of the wall.a continuous. beam which provides rigidity.and contributes 
to the stability of the house. 26/ 


qur dy emm Experience in areas а to earthquakes has shown chad a "wall beam at the 
top pf. walls is very necessary, because it serves to anchor the walls and. to take 
the iron” ties holding the roof. The best material for beams is undoubtedly 
reinforced | concrete; BQ ene timber has been widely used for this purpose with 


| 


‘acceptable results. Ls 
T AE d 


recomended that reinforced concrete beams should have а, depth of 

| 10 cm and a width equal to the thickness ef the” wall, and should be: reinforced 
with fouy longitudinal iron rods'10 mm’ in diameter, with iron braces 6 mm in 

| diameter; placed every. 22 сш. The concrete’ to be used in beams should contain 
cm te of cement per “cubic metrerof concrete (1:2 1/2: 4 1/2 approximately by 

qhe coarse aggregate вей, should be not larger than 4 em (small stone). 


‘The preparation. ‘and use of; such blocks is . 


i 


m ey 1:8 by volume, : M 


n үт ТЕЗКЕРГЕЙ ее blocks are'feinforced with "us iron rods 6- 10 mm in. 
< diameter, with braces of No. 10 wire (5.129 mm in @ашефег) 28/ every 30 em. © 
Fig re 65'(a) shows. ной U-bloéKs are placed for reinforcement. The concrete 
"Xo be used should contain 240 kg of cement per cubic. metre of concrete ? 
(lip i/a:h 1/2 approximately by:volume). The coarse aggregate ? be used should be 


12004. meu than 2; cm (very small TA ера 


T > 
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г та Yeinforóements. Е: active seisiti¢ regions, it is desirable, in 

|. addition to pillars, ‘vertical ‘reinforcements. and wall. beam, to insert iron rods . 
біш in. diameter , lengthwise inthe body*of the wall, in-the’ mortar, every three 

US " four courses, This horizontal. reinforcement gives considerable protection 

‚еза einst wall Collapse (fie. 66). т 


4. у x 44 Қ еу 


leu. The doni пасун and other operiings , in’ any building. made. of: 
soil-cement biocks must. have &. structural component placed above’ the. opening: 
This component! is known ав. а. "Lintel", | 


Wo ays See : петераца pus cement)". 


0 28/ american Steel and Wire Coupe (зис). Жы 7 x. 


scs of: Sees and о. soil are- made” in “ihe e of a Se wil ee A 


M 
! 


Тһе tain function of a lintel 18.40 upport the loads peers down on it. 


Lintels' can *b iiss of various material, e.g., wood, . iron bars, and 
‘reinforced o (fig. 67). | 


е 2 

қ А rational. мау . оғ utilizing SOil-cement to make lintels is to usé *U-blócks," . 

' applying the same techniques and criteria ag: were зын for wall, beam, as 
reparas reinforcement and type. of коску ^ 

. 4 After being prefabricated in U- "blocks, the lintel is €— out on the fléor; . 
"when the time needed. for the drying &nd euring of the concrete fill is completed, 
.it is M pee to its appointed piace (ie. 68) .. 


The overlap of the lintel ends. embedded in the wall. should Зе: hot. less 
than three times the depth of the lintel: (fig. 69). 


Monolithic felling of soil-cement 2 
“йай cenrt ‘walling of Beat ‘stability. can be built МЕТАН 

“Construction wark begins’ at.the damp course. Гог this purpose shuttering, which ` 
; Amst. be-perfeetly річ and level and in contact with the foundation of the 
House: under construction, is set up. - Loose soil-cement is placed in the 
-shuttering . in uniform successive layers, which are compacted with a rammer.: 29/. 
: When thé shuttering has been filled it is immediately. removed to the next ° 
и or section to “ре built, so that At abuts upon the ‘end of, te finished, qr 


f- 


a (90. р 


he: form or: -shuttering,, the БЕРЕКЕҢ dimensions ‘ares I ws 
ы he Blok tering may be made. of «wood for, métal. зз. су: асы 
| “Types _ of. shutteriü аге very varied. Figures, To and E (a) show some, oF 
used in сөңезтде Eo of Beso L BIg BOEL:cement walls. жі. * 


sion of the wall. There has to be ажал іп ‘their. design 
maximum of m with a minimun ef weight. 


А st a - 


il: ТЕ 18 d deat rable tdi peoduee a given пашет, of 
ры and then to find that the 
set up.dgain іп order’ to/ram a final section of a +. 


Ф. 


Сава de tierra. DN у éuelo-cenento. . ‚ anthony: Р, Merrill. ` 


^ It is possible in monolithic Wall construction to fix volts in the Зор оғ 


_ ghe Wall for the purpose of. securing wooden wall plates (fig. 72). Alternatively, ` 
~ concrete wall beams can be cous brue ен directly OREO the wall (fig. 73). 


| Es this НО of construction, it is ар to таке the lintels in 
=the, manner indicated under the, heading "Apertures" 


9 

Е аге the openings which-are left in valis, primarily for doors ane 
windows. - pM 4 р 
gr s The. major constructional problem with respect to these openings relates ` 
Ws c. О the supporting piece which is placed immediately over the door and/or” 
= wenden, Ts ey the lintel. A/ 

3 ; MG pes MEL ЧЫ 

M MENT is €—— and ЕЯ онат to cófibinue using the same type of material 
dv for,that part of the wall lying above the door and window 14ае1 5 (fig. 74). 


Very soe iciatis ‘constructional defects in ‘soil-cement walls ГЕНЕ occur 
"above the door and window lintels. To remedy' this fault, successful” experiments 
have been made in the use of light materials (fig. 75). ze ol © 


D 


i "When the ‘roof ‘timbers rest directly on the lintel, the е aiti төне)? 
‚ above does, ‘not arise (тін. ‚ 1б). 


m 


Fixing of frames 


^ TERES ! J 


75 Wooden door: and window frames are fixed to the. Walls by means | of pieces v. D. 
: 2 ‘wood: called dowels embedded in the walls.. : : | 


: (ове of жае. most essential properties of dowels is | that they should have 
„maximum, adhesion to the walls and enable the frames to be properly secured. | 

| "Bowels. must be protected against damp; the usual practice is- to waterproof | 
(wm them with a bituminous paint. , ote | M 


a3 - Я Р 
е E - 


| 


: _ figure т а a special ‘type of cavity block a ЖО to facilitate the Ё 
" insertion of dowels:in. walls made of sof'l-cement blocks. 55/ 


Шы 


iPigure 78 shows: some of, the types of dowel most PME TE in n buthaing: | 
(а) -notched: dowels; (b) dowels- sheathed in metal mesh; (с) dowels studded with, 
nails; 7 (a) dowels forced ‘into з: Тһе first three types are held ip*place 


ч mortar. а 


See "Lintels". MEE | аан TEC 


LN 


| This solution is the most desirable in the case of monolithic walling 


- This cavity can also be used to house the ӨЛЕР: which are usually found ү 
un of metal frames. ``. | : Қалы | 


ж 
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A roof consists essentially of (a) the roofing; and (b) the roof supports. 
melt МЧ ea Pu 12. 
-o Roofing .. ua. pU e: ^om d pa 7 Ud 


\ 


The. -purpose of.the roofing? is to. protect the House ‘against the effects of 
the weather. | "t s PT | + o 


Ж 2 4 


Roofing materials: ehouLa. be light and. Кер o uge with the least pot. 


,emmpatible with local weather conditions. "E 
Soil-cement roofing и. D E A е РЕСЕ змо x 


n Seiipcement roofing 


ы 


мд - | ек i й “i Vak 
, If it is desired. to use, soil-cement as "roofing. for а; house, the following 
4methods may:be used: (а). laths or reeds are laid on the roof truss or joists and 
nailed down;: а plastic mortar of cement and: (sandy) soil in ‘the proportions of 
CE: 4 by, ‘volume; with vegetable fibres 5 сш іп length added аз а reinforcement in:  ...y 
мы “өне. торото of one part to four- parts of mortar, is, spread. over the: laths ЖЕСЕ 
‘or reeds. | The: layer, of mortar should be 3 cm deep › duly compatted, and its . i | 
aburface ‘should. be. smoothed with a‘ trowel (fig. 79). After the material has had : 
р "báme. to dry” and tarden, two or three coats of. bituitipous material are brushed over. Js 
sd the гасе in order to make the ie Waberpreote mU. GN. Рр al CA 
A uniform sprinkling of small renee белшше dieter 5 mm; minimum . 
diameter I mm) over the last coat of bituminous material is Pecommentied 


ЕЕЕ СИ г. 


і R ` 


2 Anottier method, similar E теш: the following: (5) aths or reeds. 


iss volume is spread over. the laths 
Rüst-free, еее 


) s р 


a | 
ds had tine. "to ау ina harden, a surface ig ‘Finished 


У 
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eme 


othe method: of waterproofing roo stie is to apply two > coats of dime wash. 


ап the proportions of 4.0 by, volume) 35/ to correct any unevenness in the . 


КЕСЕ The roof Tr may be of wood (known as thes"roof timbers"), of metal or 
of reinforced сыы 


ES 


ит Figure 81 shows a wooden: roof truss made of hoards which is very suitable 
for а PAGERS oe 5 without centre support. 


=. 


This truss is recomended for as ЗЫ асын; ease of construction, high 


у strength. and low cost. | 
. <. | 
‘Soil-cement walls have tittle low- TTE to tensile forces _ consequently, 


х the roof, should transmit to the walls only vertical thrusts, elin inating all 
lateral thrusts: a l И 


2% 


“Where roof timbers. are dui ' one of the most important problems is how 
. they are to rest or the. walls, and a correct method of securing or anchoring them to 
+ the soil-cement wall mist be found, (figs. 82, 82 (а), 82-(в) and 82 (c)). The timber 
Gan also be secured to the walls by means of a special wooden post called the ' 'pola- 
=o plate"; which rests upon the wall beam and is attached to it with metal bolts or |. 
ore through the-pple beam or with metal clamps around it (fig. 83). И 


А - In certain regions not subject to earthquakes, it is feasible to piace the 
gag ‘plate directly on the ‘soil-cement wall, so that 1% serves as a wall plate. 
° When, this is-done,, it is essential to’ include below the beam, and directly on. 

` top of “the wall, e3thindlayer of mortar (a mixture of cement and (sandy) soil 


© “seating of the beam on the wall. In addition, in order to ensure better 
5 adhesion between the soil-cement: mortar and-the beam,.the portion of the ` 
_ Tatter which will be in contact ‘with the mortar-should be covered with a metal 


` mesh. NE 4%, | E; СЫН.” . 
5, А i А А E T ` А " 


v dis > 


à ` Where & house is built. with soil-cement walls, the ‘rook, truss can be 
, made of metal parts, and сап be anchored’ +o Ws. walls along the general lines 


5S . » 


indicated ABOVE. e „о t so E re LE рсы 
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Flooring. must” act; as 5 an-inswlator and must be а ni: and attractive 


› eds 


: ppearance. 


T “Te: Во emen is to be used in Bs of House floors, itis 7 
rec mended that one of ‘the following methods be adopted: EE i Umm 
à : io ee 


cement, салак айа jo. | s ES uc 5 b 
а 0. EG 


us The ае оп a which the flooring is to be laid duidt first be к 
required height. or "trace level",. which is usually marked on the, wall; 

5-16 is smoothed off and compacted. Compaction consists of raming the. „Soil, 
ашыр ly moistened. and with — stone or gravel added. à 


ТОА о СУ акта 
Tu Í A N 

- When the floor bach 56/ is finished, specific points,. generally on one 
_ level, are noted for réferencé purposes. ` ^ , . | 

a / 

Soil-cement mortar for the flooring Виза be made up in the proportions of 
-ane part:of cement %9 “six: or- eight parta- of- Süd soil; “with the ж 
amount ог water. el КОР | > 5 


X 


The sott-cd nt Should-be taid to- e depth of°5. ЕРЕ following Manner;  . 


:& layer of soil-c ment, as specified, is laid between the reference points 
. to form "guide strips" 'or "haster, strips" approximately 1.5 cm “wide which must 
be well compactéd. ` 
> ї 
2 Au the sections ОЁ, Pod! remaining between "guide Варе". ів filled with | 
"the soil-cement mixture, ' which must Без rammed EARS and un?formly until- 
maximun : compaction’, is obtained, 


% . 22 
ғ M 
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| Еаоһ section bf floor under construction: is fina ly levelled by sliding 
E "scraper". 38/ ‘between, the "master strips", thus removing all excess material. 
е: surface” is men finished off with a пасеке trowel %/ (rig. Oh and- 
Or КЕТКЕ т із | n 
When the gotl-cement mortar has .set sufficiently, the flooring niece is i 


smoothed over with a finishing коне В 
ae ~ E 

2 “Another method. of finishing is tó sprinkle water from a watering-can over. 

"the floor (when the soil-cemént mortar has set P M to dust it with 


d селелер; ang TURNUS 49: smoothe. it with a troy l.-. 35. 


( 


To obtain a Coloured. finish, the: ary а be: mixed with the pigment. B. 


in ‘advarice and. the. compound .dusted ог the layer of Soll-cement mortar . 
When it is. 225% set. ңе. surface is stien repo thed iuh the nrc NE А 


b 


tere fn th the flooring, it is тегй дс. that. 
should be left at inte int of 1.5 nm. ee ah should бе, 
Ш-- 


m. 


£u. 


12 бешеп pieces, which are’ also known as floor tiles, oh can 
е with. p thé CINVA-RAM nejder.: 0/7. К 


mie des strata piece of. wood ns aad 2.5 x 
pu MIS M E 


rm floor: tiles" { 
pu zh. P 


ee пз іп а "layer 2 “сш thick is Taa on top of TO The mortar is soosse 
опе part (or cement to six ame капчы (4 ig. 85}. 


.. When laying flooring ditis: it is ‚ essential Mist to appoint some of them- 
EEE points to serve as pulos for laying the remainder (fig 86). 
Танертен быар dotl-censnt tile is laid with: overlapping ' кейе, ana 

‘gently tapped into the mortar. to ensure perfect adhesion. The remainder 
ве tiles are: laid ina Similar manner.. * 


... в. 


"баре between tiles Rove be reduced to а minimum, so that their edges touch. 


"ühree days after the. floor tiles are laid, the joints should He fronted . 

‘a cement slurry. му made with pure. cement or cement and pigmerit, according | 
o the type. of, ‘tile used in the flooring. The slurry is poured on the floor and 
. spread evenly. with E broom so that the ыды аге сарои СЫ (тв. 87). 


After : а. few hours, the ‘flogr surface should: be cleaned SO ав to rémove 


dne Surplus. cement. ‘eft on the tales. ^^ И . 


e? * 


uc The fihi shed floor ‘should be closed to. traffic for seven days. 
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1. Сизи. LOCKE 


Bloc st "be used. for. екен must be ‘made with а wearing Su surface possessing 
е fun tional qualities as that of: soil-cement tiles. er PT The. body: 


О soi1-cement, blocks, the instructions. giver for 
ement tiles should. be followed exactly. 


ix 


Paint = 


2 Paint is "g homogeneous mixture of one or more pigments in bre which 
Fis used.to cover and/or protect acid with. а. film of colour", car 


"Satisfactory results with регине сап be obtained only when the following 
factors are present: . (a) the product is of good quality; (b) the surface has been ` 
satisfactorily prepared; and (c) the ра is correctly applied". m 


э. 


Before painting, it is. necessary to cleanse the walls of mixture and dirt, 


D all loose material and filling any cavities. | ee 
н Cement-based paint. М 2 ) il E Mo P d = 
| “ы 3 a x i 
Cement paaéa сае possess excellent properties, especially as We beter Е 
апа they are very economical. Their essential ingredients, are cement-and—— 
Шао. and Pigment пау be added. СЕГА 
T | ШЕ. ны os 
' Before the painting of ‘a wall of soil-cement ox similar material begins, 

Ja it stiould be sprayed thè wall from аасы NE Е — 
| from the о and thus: hindering its curing а ( g. 88). - 
т, «The paint: :ghould be орала и. & brush іп two coats апа cured ог thrée ` 280 

ua авуз Е spreying. : | Ел 227 
d Lime-based paint | T ІШ» ж Жы 

г у This is one of: the oldest: and most ecohomical paints used as a wall finish. 

Ен ЕЕ essentially а lime wash (ме ‘and mater); to which pigment may be added. Я n 

ARE стане wash is applied to ine well in two ot “Зіңгеесеһбв with а brush NES 
^ (fig. 89). <1% can also be used in a thicker form Spread with & trowel; petted 

2 in the datter case, it 18 applied іп опе or two coats [9 ter thickness. Me oT 
inar Uu | T7 "M 
SP énsure greater adhesion of the paint to- he Жал, a quantity Gr glue к. 
т other binder is.added to. the wash (Lime and water). БА 
- ы a : Ы "d | ы. ` ы iy і теі 
f Бас i ыы di E | f 

™. ғ : : ME сақал > 
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plaster 1 is-& sell ‘covering, T ith mortar, which | gives а Smooth and | A 


i RS сий: наг, it is desirable’ to prepare ane фу removing from 
sheir surfaces any excess mortar protruding from Joints. or other extraneous matter 2; 
Ра) “them n during construction, | . \ 


LM E 5 
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Plaster of воза cement, mortar. yä | К | | " 
The best mixtures. for "this type of. plaster are: (a) one part of cement to 
five ro eight parts of sandy soil by volume; 45/ (6) the same mixture, plus a 
proportion of lime not exceeding 50 per cent of "ehe amount, of cement used., 


Before plastering n reference points are noted on the surface of the wall 
oat intervals of 1.5 m;-thus. , Aie" thickness: af ‘the coating, and, "consequently, 

ite: "rightness". саве d determined (fig. 90)-. К 

222 "Guide strips!” OB master. Rap" qur. cin wide are applied betieon the 
pointe of reference and eff "to dry for two days. Mortar is then applied between. 
“two: adjoining vertical strips and smoothed off, the surplus being removed with a. 
scraper. This. is done by” resting the scraper oh the "master strips" and sliding 
it'over them (fig. —91). This procedure is continued, until те whole surface of 
the wall has been-rendered,—A-tool known as а plastering кое: ds peed: to ТАН 
; off. the plaster surface. | 


Ds 
sm. 


‘Sothycenent plaster- should be cured for three days by continuous spraying. 


jaster ‘of cement mortar В 


EM M — ae Uem up i Riel THE, жаны 
3 А + : 3 " 


wo. ce The "correct proportions for the mortar are one part of- cement to between E й 
‘six end. nine parts of sand БУ, volume. "i р pes ‚ 


a = 4 


es -To apply this. type’ of plaster, “the ductmetions given above for plasters 2 
of: КОП гсп mortar should be strictly followed. 


"s 
а 


ка 


Plaster. of Line. mortar. 35 25,4) n | | к 24 ae 
s 2 i + А ; ; * "n D 2 
Tae St [| A. 


: In teging where dod quality limes: are available, it шау be. -economical to. 
ea cértein proportion of lime in thé mixture. | ka | 


A gentina 3 due ‘example j T is usual to follow this yroselira: ` (а) а 
sing of thick plaster, consisting of one-fourth part of cement, one 
е lime, , three parts. of coarse ог medium sand and опе pant of ' 

ck dust. (ог. an equal: quantity by: volume of fine sand) ; is &pplied to the 
pared as indicated above under "Plaster of.soil-cement mortar"; 

COB ae plaster is given € fine finish by. covering it with a nixturé 


X | V. ACCOMPHESEMENTS IN SOIL-CEMENT- 


THE PURPOSE OF THIS CHAPTER > " 


. Soil-cement has acquired a РЕТ ЛЕТИЯ аѕ ап, excellent construction material. 
It is being used more and more in all coun Eto Берас ату in rural and suburban 
` areas. 
і This chapter presents a number of examples which may be helpful to anyone 
A | wishing’ to try using this material for construction purposes. The examples also 
ov .  B&tteést to the good qualities of soil- cement when it is properly employed. 


* The instructions: given- in this paper are ные complete to enable 
` anyone who follows them to. obtāin ТЕРІДЕН as good as, or better Bun those 
illustrated here: 
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Hural dwelling of sofi- cement (1)— | " © od 


.. An йн КТЕЙ ЫЫ dwelling, basically of soil- cement, . in the village of 
- Chambinpal, Municipality ‘of Buga, Department of Valle del Cauca, Colombia. This .. 
/ building was the outcome of a detailed study, in which several teachers and fellows 4 
from the 1957 CINVA regular course ‘took part., It waS designed to suit the | 
characteristics апа 1еуе1 of living | of the inhabitants of. the region, and a more 
ul А rational and advanced method of using local materials and techniques was applied, | 
т dn ite construction. 
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“numerical references, see the end of the chapter. m зы o 
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Sample House:of soil-cement (2) | | 
Under an agreement between the Тапа Credit.Institute (Instituto de Créüito EE 
Territorial) of Colombia and CINVA, it was decided to constrict a soil-cement 
"cottage. The object was to demonstrate,the correct way of using soil-cement 
blocks produced with the CINVA-RAM moulder. The project showed what economies 
> could. be effected through the use of this machine in Self-help and mutual aid' 
“programmes of rural housing. ` "s * i | 
! А Ps э. po 


Rural dwelling, San Jerónimo (3) | TE Я 


и" In; 1956, “СІМУА agreed with the. Director of Rural Education of thé Polombisn: 
Dt : Ministry of Education to carry out а project'of some magnitude in a rural - 
environment. Thus began the San Jerónimo (Antioquia) Pilot Project, Which offered. 
a means of conducting a practical experiment, adapting warking methods, training 
technical. personnel with a pfactical outlook, and framing a possible аа: о 
the mune ae problem with the use of educational. resources. >.- 


House Jof soil-cemént blbuhs AM) з cte d loue ie ee 52 


TEE MN i 
i | The dwelling shown. in the, photographs was із іп Argentina, in ‘the San JORE 
area of the Sierras de Córdoba. | LT 
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“Тһе water Authority of the “Province of Buenos Агын decided to ное 
‘adequate housing for its overseers along the canals which traverse much of the ^. 


“territory, -It elected to “try using soil- coment for bpildings in the No. 16 сапа1 
„топе, іп _ the ‘Saladillo district. | ° 
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In this design the door and window openings . run from the floor to the. ‘roof, 
` во that it was unnecessary. to work'with the, soil-cement on small. sections? or to: 
make Mie lintels: EEEREN strong. "А. wood’ | filling wes used below the windows. 
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Soil-cement house in Venezuela 


uses built at. Caicedonia (Valle) with soil-cement, blocks made with the 


CINVA- ТАМ moulder,” "They are outstanding for the excellence of the masonwork. = 
x : . : 
i = i | | 
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| Soil- gaunt dwellings puilt- under contract. in the city of -асав. {еу 
show the excellent masonwork pd ssible with prefabricated soil- cement components.. 


“Тһе roof is of asbestos cement, 4 
е кз ! 
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Soil- cement Е built ‘for demonstration and practice in. the grounds of 
2m the Practical, Sehool of Agriculture (M.A.C.) at Providencia,. ‘Recommended for warm 
Sore, climates. by the Malarioldgy Division of the Public Health Department of the 
Venezuelan Шы of Health and Welfare. =- |. . M 
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Villa construckad < at Velle Florida, Wüieipality of р Petropolis, State of. 


Rió de. Janeiro. яр E e : | АЛАСЫ. ШИШКЕ 


Ву А De | р | сі 
* IN In Brazil a nube of projects using soil- cement walling have been carrie 
Ree т 94%, primarily through the efforts of the Brazi Tian Portland Cement. Association. ; 
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Soil-cement house in Bolivia (ә) 


а 41 


DN oif. cement dwelling constructed by Bolivian state oilfields for tig Director 
Qu of: Operations at his Sanandita .headquarters. — i 
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.Soil-cement house in Chile (10) | | | 


“ Г 
. ` 


Experimental soil-cement structures erected by the Scientific Housing Centre, 
"University of Chile. : ; 
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тей Stal Tiistitute for Technological Reseayeh and Standardization . 
 (Inditecnor А the collaboration of “Не, Department of Scientific and 
Technological Research of the Catholic University; ог Chile, constructed this 
а experimental soil-cement house. - 
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о шышы: pes uii варов | | | S ue 

_ Tebio experimental country school (14) : | | "AN | Жа б 
Built xperimentally: at El Salitre Villap ke, eMoatcinality of ту ЕВА Же. 

ofr Gund nem rore Colombia. . DE 


This experiment had its origin in the pyogramme and: study devised by CINVA eU 
^to "demonstrate a methodology for the constr tection of rural schoola", employing р 
“the: efforts of the rural community concerned} local materials and, Por making m 


* soll- cement. blocks, BACC -CINVA-RAM Bonn ce 


Saucío rural school (13). BET. 


ез E ^ This project, carried eut at Saucio Village, Municipality of Chocontá, 
: "Qolombia, also had its origin іп the programme and- study mentioned in the preceding 
paragraph. ғ | 


* & 


The erection of this school provided a practical exercise as part of a 
.process of "community development", which may be defined as "the development-.of 
the potentialities of & community or social group towards & common end ог, 


collective benefit". 20% d | 
E А n | в. | А D A " 


Ё NEP | | | 
-Rural school of so өлені in Colombia | : 


i The Cundirémafoa] IBoard of Education built at La „Calera; nar Bogotá, а rural 
school with a metal frame and walls of Әз да soil- -cement blocks. 


CATENARIAN ARCH 

With a-view to pading new applications for soil-cement blocks, the 
Technological Section of CINVA proceeded in 1958 to design and build ‘at its 
"experimental building station". an arch. of Soil-cement blocks made with the ` 
_CINVA-RAM moulder. > | 


| ' The fgrm КЕРЕ was th E as being most suitable from the standpoint 
of thickness end constant weight throughout the arch. 


4 


The arch's dimensions are; : шы d 


. 


Clear span. . = олы а жож Jo OS Metres 
| С1еаг height Ал ылы Ug А wT eS 
"s Thicknéss! а 8 А9 centimetres 


— -— | pr ў s 


. The basic material used was, bloeks of cement and (sandy) soil, in the 
— --—proportion of 1:10 by volume. The mortar used: between the blocks was 1:5 (cement- 
sand) by volume. . a aoe : 

| The structural behaviour of dhe ‘arch has been satisfactory. At the time of. 
writing (1965) no cracking whatever has occurred; and although not subjected to- 


` load-bearing tests it has. fortuitodely supported the weight of Several prone 


This kind of structure may obviqu Sly have important uses in rural areas, 
" particalariy as a cover for areas intended for storing goods and machinery.. 


SOIL-CEMENT CISTERNS AND SILOS 


i 


} 5 
Domestic water supply in rural dwellings presents a problem which is usually 


.resolved by complex and costly methods. `` D a " 
| - 4... ; 


The cistern constructed of prefabricated toll- cement components isa solution. 
now being applied with: good results. : Br E ae at PEN 
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The illustrations below show some experimental designs: 
| < А % | 


Cistern for the experimental dwelling in Chambimbal Village, Colombia (1h) 
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| СІМУА °- 
RURAL DWELLING OF SOIL CEMENT . 


=. | а H 
e A | CISTERN 


о, PROJECT BY: ENRIQUE CERDA ANTUNEZ | 
REVISED BY: RENE EYHERALDE FRIAS % 


s: 1st COURSE 2nd COURSE . 
я {р SECTION 


T › | Ж: E PLANS AND SECTIONS OF CISTERN А--А 
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m Soil-cement silos (16) ob d , |, ; і СИЕ. 


| Soil-cement has been used in the constructidn of silos with very satisfactory 
‘results. а a 
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КТТОНЕН RANGES iar ав 
# В \ За | А b H К 
мы The installation ‘ofa ‚ kitchen in Dur dwellings (елшіге the construction . БИ 
pof, a range, together with-a stove-pipe to prevent fire hazards, which will | | m 
e ok generate sufficient heat and can be produced cheaply by the use of simple and ... 
R pet а craft techniques. | | lh 
3) рш ` i į ж 
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a ‘Range’ for і ‘the кекке dwelling at Chembtimbal Village, 
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Househóld range for the San Jérónimo Rural Project, Colombia (18) . 
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Range for the soil-cémeht cottage, Colombia (19) 
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| OVENS | 
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rae The oven is ап indispensable adjunct to the rural dwelling in many country 
^. communities. 3 3 £s ! | | 
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JSoil-eement oven for the cottage,built at: the CINVA “experimental building pa 
station” (21) | à E. ie : | E а. 
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OTHER USES 
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` Thermal. insiiietion With soil- cement (23) c 


E In seventy- о buildings erected for the. Water Sutton (ANDA) at Ia Rioja 
and Catamarca-(Argentina), the roofs were made of precast concrete beams and slabs. 
~~ fihermal insulation was provided by a packing , pr soil- и 
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special: soil- cement blocks for ventilation 


e . 
; i. Bpecially designed soil- cement jocks may be used to provide openings for 
ventilation in the walls of a dwelling, as was done in the CINVA "bud Lding shops" 
"shown here. 
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2. casas’ e Tierra Apisonada y Suelo-Cemento [Bouses, of Rammed. perth i and "Boil- РА 
Cement /,. E тыш F. Merrill. | 4 


| (9). 
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Casas de. Tierra Apisonada y Suelo- Cemento fiches of gainea Farth end Sori- 
э “by Anthony F., Merrill. ў 7 \ i 


(10): Tal ‘Wivienda, official organ of the Sclentific Housing entre, No. Ly Д 
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ux) Casa НЕ de- suelo-cemento Æ Experimental sha ponent house/, М 
Е epartme № of Scientifib and Technological Research оѓ the Catholic nic of. 
Chile, b Rolando Matuyana’and Hernán Ayarza. 


E information about this а. school project’ may be obtained from 
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i Та. Vereda de Charbinu /Chambimbal made), study) TT ‘action in rural 
housing, „СЕВ ER MM 1958. | 
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ОЙ Proyecto Rural de San Jerónimo [Sen Jerénimo / Rural Project7, CINVA: 
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=. ог x loss of е length by shrinkage of шше | " : а | * 


"Make" a box without a lid exáctly O cm none inside by 4 cm wi e ahd h"cm deep ` 
inside. Oil ог grease the inside surfaWs of the box thoroughly. i ih wef soil. 
without cement. The soil should have the optimum wetness. b/ * Ram the soil into 
"all corners of the box with a small stick, and finally use the stick to sthooth off 

the Surface. Place the box in the sun for at least three days or in the shade for 
P ‘Yeast seven days. 16. not. let rain fall on it. БУ, 2 ‘ 


| "At the ‘end of, this: time measure.by how müch the 'soil has become shorter in 
length by shrinking. ` You may have\to add up ‘the loss ip length by shrinkage at 
куз end of the box, or ou may be able to push the soil, which should be dry and 
hard, to one end, and measure #11 the shrinkage at the other end of the box. 


| түр the "Soil has. shrunk not more than 12 mm use oné art of cement to eighteen ~ ` 
parts of. "goil. If it has shrunk more than 121 ша but less than 25 mm, use one part of > 
cement to sixteen, parts. of soil. if it Halt ost more than 25.mm, but less than . | 

8-ші, use one part: of cement to fourteen p ts of soil, while Wf it has lost more  . + | 
| 38, but less: than 50 mis, use one part | оғ cement to twelve: pai ts. of 5011... ` 


one ох. two. 
or if iti has arched up, out. OF the bok, or has shrunk more, pum БОт, до 


Ев, 
di for building." 


Tf the "soil has. cracked very badly at. several places, not jus 


i e eee 
EBENEN ^ 


' and "Ad. ni the water; and, wet mixing" 


| “Belle ceinent, floor tiles 
,So31-gemérit tiles for floo ing can be made with the CINVA-RAM moulder alana the 
заде Е general lines as are ind с ated for block-making. ¢ c/ 


à 


Мо The УРАР tile соп ists of two parts: the upper ‘part, or wearing surfa 
. from Т to Ё mm thick, and the' ower part, or "body" of the tile, from 5. 1 to 3.4. nE 
e thick (fig. 85). | Uk | | 
— The" mixture for the. "oM of the tile ‘should contain one part of cement to 
between. six and, eight parts of sandy soil by volume, with the requisite amount of 
water. -а/ Тһе instructions given for. -block-making apply to the choice and 


\1 “preparation of ‘the soil, and to е ші xing and compacting; e/ . 

“Тһе ‘wearing surface of the’ tile may | consist of pure cement,. a mortar of very 
fine "sand, in the proportion of twó er three parts to one part of: cement, or a “с 
fixture of cement; pigment and fine sand іп proportions determined ‘experimentally. 


p Becorüing to ‘the pigment used. eee RI E * qui 


E м 
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туе CINVA- RAM: moulder is used to make. soil-cemert. tile” in the. following manner 
: aoi 
( ) The steciai. iar wooden, M or platform. (fig. ‘о! supplied 

be the machine is те Ыы: Бозо of the metal box. 


irst, ‘and’ the ma lerial. for the sh te y is then added: The note. is moulded so 
22. ——— — | 
Же d 
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| ANNEX III ЖЕ E ee 
H à P | Pu i i | eek во асл = 
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2 Tke-siphoning method- | Қ ж Ии - 

2. ^^ Like the standard method, this new method i is. based on the principle of. TEL 
sedimentation. The latter is expressed by Stoke’ 5- тэн» which gives the rate of plo 
fall of a small sphere in а viscous- fluid as: | ЖО | й cs 

| A | | : : 
5 gd (Y. - Үү. er Ж 
yh — 2) x j 
! | E е ў 18п \ ° С КИ 
where: салда oe Майға is - des | Si B 
ү = velocity in centimetres per second, - . ИИС б TS | 

Hs 922% - ч Я Е 4 А E - ‚ : А С 

: PO 4, р Е Kn ES à 2 Ure Sd te 

ү ae. ВЯ acceleration in centimetres per second per second; | Z s 

- а. didmeter Өр the spHere in centimetres, : Ж" MM хз iem 2% PET 
= viscosity in: бурё» -seconds per square | centimetre or: ‘poises (changes with; =" 
А temperature), a ку coy за, ы x op 


specific gravity ‹ p the sphere in grammes per cubic entimetre, 


ш applying stoke? т law to "Hie qetesnination of the sizes of particles in a 
following: kinitat ions: -should De vaken inue 


go ЕСЕН ‘are. not чыт 'Some are angular, round, | Tay 
se forth. Thus ,. according to 1: and М. Squires’ of the Massachusetts ,“ 
‘itutejof Technology, the Pelationehtp between the ser iar о азе < 


Беш revised. It was. originals admitted by its author to d Е: 

Sac i ty for Tésting Materials. (ASTM) « in 1945 and published іп" r К 

| Өл , 1595 ДІ August. 1945. The method was tested by 

i: токы et ds United States Public Roads Administration (see: the T 

Bulletin, No. Dp, 9 Januá 7. The slight changes which have been 
Жа | Üdasier toiuse. Reprinted from Método del Sifoneado 

| Бу Raul Valle Rodas. Са; 1955. 


Suelos; 


= A where: | 


_«D = diameter of sphere, 
` CD! = diameter of disk, 
| Т. тун, | 
height of disk. 


| - Бу | mo e E 

oY 

| DX): Stoke! lg- -law elated to the motion of one sphere only and does not 
‘therefore take into account the reciprocal af soil 1 or interference among - 
gar \їс1ёв which certainly < occurs in a mass of soil in-a fluid medium. 

, е Spovecnentionkd limitations, _among-othéers, ной us that the ЕТЕ А 
analysis of a-soil based on the-pritciple of sedimentation or on Stoke! в law’ is 


appro mate: .. = : oe - А 
PP ; 1 pur M . 2 . E. 
Ne proposed method, the mean settling janie of silt TT was taken 
as 1 cen ішебге per minute. This value, as can be seen from table 1, provide 
Ps safety factor, because at the end of опе minute .all-the silt particles will | 
‚ have settled to a distance of one centimetre. Settling velocities were determined | 
| for fluid temperatures 6f 10° to 30°C and for sÓil specific gravities of. 2.25: 
x to 2.95. These are the conditions normally found. 3 
X 2 i 
‘Similarly, the mean velocity of fall for clay particles was Карен as 
080 centimetré& per minute. Table II gives the velocity of fall for сау 
icles” “at del. Denier atures and | specific gravities. 
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: “This method ndizatés- the procedure for асаа ава the percentages of stone,- 
Eravel, ms Шы. contained 4. а 5011. . 


аф. Belgrico. A\pehance е sersitive 4 to О ов. 


| z \. Glass Bu with an jas de diameter of ate. 
imetres and а height of not less ES centihetres.. The P 


limetre Базы commonly used in laboratories асе suitable. 


| in-suspefsion.. 
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to- o-atphon ott ‘the ee renaiining*in suspenst ion. 
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br pd 7А 
S рді тт? 
foe? ee ое. 
Soe emen - | eot =—_—— = етли ка чысына пры: ——À—. 
у / Velocity . f| Weloetty > ы 
РА | corresponding correspondin .. Mean veloc ity 


е cod to & diameter | to a diamet | for silt particles, 

а = 0.05 ша, d = 0.005 2" cm/min* 

г E em/min ОГ АЕ 
ӨНЕРІН : 


в/о? 


e S. he mean’ el city was taken’ as ihe ѕдИаге root of the pr uct of the 
m. 8 corresponding to the lergést . and the smallest size of silt ^ "n 
A ICM 5. Тһе mean velocity Жо particles was с; imputed in the „ваше way. 
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1 t. ` А $ “ E v К pm TABLE ІІ | | - 
! ЕЯ ККЕ . эмы | Ы ғ 
6: Bi: кн ы 


elocity | и. 
corresponding |. Mean velocity]. 
/to a digmeter—L—£Ree—etey par icles, 
а = 0.001 m, |/ ix" : 

' em/min. ed 


а 
‚1—2 


Velocity 
E oon 
С a diameter. 
а= 0,005 mm, 
' em/min , / 


UR 


a.Gohg ^ .h 5.65 | 1 
[74.0.0051 | 9.020. | 
Ж” 0:0051 ‘|, 0,016 ; - 
4.0065 . ^ 1-... 0,052: |. 
0.0054 -7 |-  -e.08T | 
0.0042 | | 0.020 ,| 
| 0.0080 Ч | ).059” | 3 
` 0.0067 = ).0355 
| 0.026 |. 
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"i 4) “Sieves. Азғана of sieves ОГ: square-mesh wüven wire cloth. .The sieves 
геол ей. for or fe test are ав follows: : : per 


‚ Sieve Designation | | e hes Sieve Opening 
ne als Su oe de ‚ 19.100 mm 
' No..1 : | * А К A а at 2. 000 пі“ 
“No. © | Do шне 777 ..0.850 mm 
Е Мо. 200. - : e EXE шї 
: If more НЕЕ points. are wanted for the granulometrie. ‘curve, a greater 
nner of. sieves пау be used. ' pops NS 


= 2 р | A ue NN 9 
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- (à) Dispersing: agents. Any of the following agents шау be used: hydrogen 
, peroxide, sodium hydroxide, ош ЕРЫ sodium oxalate; or ammonia. 


ы А ЕЧ 2 E 
| 


= (b v); Beflocoulating agents: Bodin 5 НЕБЕ от Bum arabic. solution. 


аа UA representative: ЖЕ of about five kilogremmes is акан 2 The. materiel isi. 
>. Rbaroüghly miffed” 30 зав to. break K ob, pit ime Lo care must be taken not to: eu 
l fracture the me 23 ; S 


“Use, 50 to 100 grmes. ‘of the pven-driea terial beastdig-the-No.—10- sieve: 


. Ms 


i 
"noted ha thé A to floccùlate (coagulate), add, 


le stirring device, D 20 ml of, 
Gluten af gut grabte. (5. .2 grammes 


XX E s ods Га р | 


5 n 1224. it dn to a graduated ! 
with water. оџа height, of. il least twenty . 
horoughly; tu sind tp ond | q upside down: 


е d M 


ba k several times ith itis dut: “of one hang lero over the, mouth of, the - . Pon 
land the-ether- -hand- holging the basé (see f А). | DR 

After "the shaking еее is coupled, place the vessel ‘on a table . " 

the. eg} їр: с settle for twenty minutes. ` i 


E 


у . 
! e " 4 


H 


(n). After T ен н introduce the metal disk until it “touches 
th material settled atthe bottom. The pürpose of this is чо set; Fate the 
settled material from that still in suspension. | E 


` 


К 


(=). ‘Using a rubber tapes carefully шыра off the material still in EL. А 
suspension. . Far | z * 


a алыс Laer es f 1 -i P ` à А | * 


6» Transfer the miheriey Bettled : at the bottom of the vessel into а 
-Itig recommended that а мазь bottle should be used;in removing the 


MÀ 


"fry not. to use too-much “water, so that the container with the sample 


b € into the oven at once: ЕЕ 
t f 4 Coen nae " Lowe 


Ux) Place ihe. container with. the soil ‘Sainte in the oven until the sample 
сезу dried, ane Жап thé ary ша кета; : | 25% ko 


О 
c 


f ғ- pit t ] = i" + e t А 
material retained on: the 3/4" sieve is reported as stone. 
——À den a ig s 2 ) T . le; ae 


d : Ж т E 


Hx 1 : ғ : е oe 


which passes the No. 200 eme ene which previously 


= Кы ы. Л © 
н paéses the No. 200 oie (0. ori ЕА 
‘How: vér, 4f-it is thought, desirable to геро 
D50 mm as silt, the No. 270 вўёме- ( 4050. ш) . 
ge corresponding. to O. 05 mm on /the granu Гоше гіс а 


EY * 3 П Б d 
Y, ИТИК i А 23" i Се | Ite 
Us + ке шк ы И AE i d 


r silt párticles was calculated at/one centimetre dai 


ST ee E TT ЕЕ meom чт SHARE шананы фы ту четче АУУ TT 
ai ` Punt > ` 522 xen ji Ў 
` К F: 
" i * 
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S. Granulometric curve 
_ Where the aperture size in КЕТЕ оғ the different sieves sed is known, 
Der it is a simple matter to plot a granulometric curve, as shown in figure B. The 
E use of: semilogarithmic: paper is recommended in plotting this curve. 
vm. DC . é "E 
Examples 
. | d 
Й Example No.\i.° (All the material passés, the No. 10 sieve.) | 
Weight of oven-dried material ........... s s c. 100 grammes 
5 Weight of settled material remaining after siphoning . P 55 i 
LES, -Difference (clay) . мса Ре а ew ee ee ee D grammes А ^ 
. ( Weight of material кебй. оп the. 
» Е ee Noe 60 sieve (coarse-sand) . ... . . . 20 grammes 
Results of. sift- (. PERE M 
; _-ing the materia 1 ( тш of material retained on the 5 
; қын remaining. fter ( “200 sieve (fine sand) ......, 16 «А 
1 be - ; v. P 
ор. Siphohing [^ P | | 
aig ( Weight of material ‘passing the Eo s ae f. 
-— `(_ №. 200. sieve (silt) . eo. 19 п | dM 
Ч А 4 Е с —————— : > i 
" E : 55 grammes 
Б Thus we have: mE .. | epe 


n D 
t 


“Gravel (material retained on the No. 10 BER) 2... 5 0.0 grammes 0.0 per cent „А 


_ Coarse sand’ (material retained on the No. 60 sieve)-i,. . 2020." 20.00 2 
PE rare P 
“Fine send (material : retained on the No. 200 sieve) . . . 16.0 "216.00" 
H ili | ү 
811% (material passing the No. 200: sieve) . жылы Жар em ооло " | 
i .. з eb ak | » Жо 


(s Clay (material siphoned off) Г У 424224...2..Ҙ2../455-0 "o 45o о" А 


100.0 per cént : 


z 


"Example Wo. ‚ (only a part af the materiel pasges the No. 10 sieve.) 
| ae pu | | | 
i лү Ма retained on the зл" sieve . а ЛО а, cent (stone) 
ge С d $ | 
| ЕТІН retained, on the Nov-te-steve—- іші ү T о у (gravel) 
^i Material passing the No. 10. steve, 3 qu Eur laces а ЕЕ "uc ы. (sand, silt 
No E ‚апа clay) 
| | ' ' 
Г ў р 9 E р 
; a ue | ж Wia i >. 
\ ` 
"so -76- . 1 
p. os * Е ia 
ГА 3 : 
A Е aA | 
; 13 ! | | В | А 
a 3: 3 DM КЕ 


a өт 
Жу" 
е % “ 
М ғ” 
4 | | 
2 
у AFTER 20 MINUTES И 
t d 
\ % t 
s | MATERIAL IN y D s 7 
MATERIAL IN SUSPENSION МЫ $ ~ 
SUSPENSION > . (CLAY + COLLOIDS : 
AT START: i . 
OF TEST \ DISK INTRODUCED ; a 
р у AFTER 20 MINUTES . 
MATERIAL TO SEPARATE THE 
SETTLED| - ‘SETTLED MATERIAL у $ 
AFTER FROM THE MATERIAŁ aa 5 
20 MINUTE STILL IN SUSPENSION 
igiene я 2 е 
рау ! È Ы 
С 
. $ 
P P 
E: » : ROD ATTACHED ТО \ | i | , dy 42: 
И " THE METAL DISK р ; > ы А 
> куры * Estes А ——; S 
=; rd Е RUBBER TUBE (SIPHON) А METAL ROD 
т INSERTED ТО DRAW OFF \ - : | 2 
; THE MATERIAL REMAINING , ` ; 
‹ IN SUSPENSION Е 2 Я 
(CLAY + COLLOIDS) HOR og % 
i AFTER 20 MINUTES d WELDED JOINT 7 : 
5% 
г , \ METAL DISK : "S T 
of ОАЫ METAL ROD \ : YE à 3 
= Қаз on S | . H | 
; t Я . . 
' В А ч oy 
E . na . Ў 
. Fig. А | | | | E 4 . | 
Р, E av : ` Ж м v $ 4 
pu bi жу, ` L e 
Sai ae К * Р 
+ ee A , mu д ss MECHANICAL ANALYSIS ; 1 { 
EH \ ay Шыт GRANULOMETRIC CURVE 2 LE " 
> : 100 жәй Rame pi sie ates ЖУ ыса, = БЕЗ ЕСЕ Е a 
; ] н = 
! ‚ "E 
: 90 
pire 
EC во 
70 
4202760 
a 
5. а . 
бш? И 
Rose 
op р 
< 
мет 
40. 
uc on 
z. 
Ш. M 
22230 
о 
ш 
= 
< i 
Ё | 
42 f 2 
FM 
5 ы: Р 
>. g 5 
ЖҮК 
+.’ 
t t 
; ə 
: Е 2 . рон pd А | 
d ^ -— STONE —— GRAVEL г “COARSE SAND I FINE SAND ae SILT CLAY. —————————— Y 
PARTICLE. |) Е е Я a тт s ET E " : 
У ue AM 2% i MM "e 0.25 ММ 0,074 MM 0.05 MM 0.005 MM + A f 
2. SIZE 54 "— "n NF і 4 | ” | re) 4 у; А M 3 | | 
de “steve 2T 7 PE | NO. 10; NO. 60 мо. 200 “МО. 270 he SEDIMENTATION ----- гі p 
: ene d i ! Е i А gp N : 
Twp lees! : 35 4 й N # я . T у Ë 
Fig: B : pus ; 1 в i я NL Я б ў 
ЕЕ : : = i У : > 
е ` 4 ‚ } 
жаула E ^ i 4, Л | 4 
Ы " E | , ҚАЗЫМ | ан 
; 2 y Yen А | x i | e ob, N | "E М 
1 » 
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nés lts- of -the test conducted with the material passing the No. 10 sieve: 
nt of the КОЕ | j 
2. ..... 100 grammes | ) E 
"  (Retained;on No. 60 . . e . 12 grammes 
d NN ғ. 68 ани ; {Retained on No. 200 . . . 20 grammes ` ^ 
5 ПРЕССА , (Passing No. 200 gus 4... 56 grammes 
x к tee as LER" ж“ жок 68 grammes Я 
402) | » | > & | А t 
Final results, , PM i 
E Eo veli E fer, В m ; 22.2... 10.0 рег cent _ % Е m i 
ча egy леа DE TS ee, cae ұнын 
с aa A221. Об». “эъ КЕС; ы. : 
Í Жы» i . в Й бте E i 
“e. е 9 '20 e ж 0. 15 .... f e 15 .0 ` " | ' А L Л 7 : - 
a 522117 E: ж г. / M : = = | O3 zd a 
Mc е) 4,2 36. Б x 0.15 E 2 ./. . eT.O nt. | К . | ` ы 
PERGVSGQ'A38g x OTI o e fone Sha. we oct Zu | а 
o5 уз 1100.0 рег cent. 
1 № DO a Ы р : 
jS | = E 
А ; ColloiddT materiel * ұй 
Жүзе : A ў 
Sep fiction given above idi the one аттану used іп à practice. 2 - К 


гет, it ls desired ito. prn ЖЕ the percentage of cc1loidel matter., ЕЕ | 
= piialler fee 9: 001. плаще фея) Я include ів the ' "clay fraction" 7 the iy ke “эй 


Аба ; prf id Я | ped. 
phoned - according to gee Hoh bt above’ ‘tolanother | ' х 


о ЖО 


ae are А ae 
fe 


(с): After se €: hour y. in rause ghe dieta pn ‘end. “Siphon off the | 


| [ 
1 emaining. in sus е Sion j TES 


materi 1 їп auepengion is jplessi tien | 


‘Suppose that “tha | 15 per "cent of clay aes + а obtained 
map) №. 1 із transferred. to a mie vessel and UEC te. to a sgcond 


> 


| 
i. 
| 
1 


Weight of the АЕ sipho ea 
off in the. first vi tg 


\ 
eight. ofthe aaterial ебі пей ИО T 
after the sécond siphoning . | eae, с A per’ cent... 


ns . : E ] à | "TAS 
Vietórence (colloidal meterial) iu m . 11 grammes : 11 per cent, 
VS ТК арр: f? E ort РЕ z Е 


2 Thus we find that the Б рег cent "elay fraction". is composed of:' 
ley эже Ра ue . 5h per cent 
совре а ay n per cent | 


% 
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COMPARISON BETWEEN THE: STANDARD METHOD AND 


THE SIPHONING METHOD " 


3 та 3 n Jd 
: те —— obtained by this tio UM as practically "Addntical with those 


obtained by the Standard Method, but th ‘test is. quicker and simpler’ to perform. 
The comparativeytable below shows some of the advantages of using the' ст 


Vos 


i 


p phoning;Mtethoa 


Neceseary ^ Not necessary 


| ‚ Necessary TEM Not necessary 


Necessary · E 4 ot necessary ` 


‚ Necessary · “| oo Not necessary , 


7 кесейгегу vlr NOE necessary: 


с ТАЛ ЕН БИІНЕ E 
БІ Ел! A M 


22 60 mijmites — ^ Bb binutes 


Igborious: БЕС у simple: n 
“che: | either charts 
| ‘slide. rule . mor slide rule 


needed, ^ | feeded- | > 
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а soil-cement wall. - 


--Fig 82 (b) 
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. Fig. 82 (a) 


Method of securing the roof truss to 


a soil-cement wall, 
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Method of securing the roof truss to 
a soil- cement wall. 


Method of securing the roof truss to 


Fig. 82 (c) 
' Е “a soil-cement wall. 
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using the- ара" to make a © . > Fig. 84 (а). Smoothing the surface of a soil- cement. 
-Soil- cement floor.. | \ ыш, floor with a trowel. А га 
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Fig. 87 Applying cement slurry to th 
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Fig. 88 Spraying'a wall with water before painting. 
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Point of reference and "guide strip" 
for plastering a wall. j 
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‚ Fig. 92 ж v y 
Wooden plate used ' | V 
k ‘in the CINVA-RAM : : 


moülder for tile-making. 
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THE ORGANIZATION oF AMERICAN STATES (OAS) unites; the twenty-one republics . 
of: the Western Hemisphere for the common purpose of mhihtaining the peace, ? : 
“ensuring: freedom and security, and promoting the welfare of ail Americans, , . 

The member; states are Argentina, Bolivia, Brazil, Chil e, Colombia, Costa Rica, 

iic, Ecuador ;- El Salvador, Guatemala, Haiti,. de УР 


Сара, the Dominican. Repu 
Mexico, Nicaragua, Panama, Ж алау, ri. the пет States 5 Uruguay, and ` OS s 


enezuela.  - E 
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e International, Union of Anérican Republics, N 
( ; International Conference of American States; > 2 
held. iñ ей D.C. Toda: it operates through 8 large number of different" E 
agencies. and institutions throughout the Hémisphere, all contributing to the 

ative of preserving the peace and security of the meniber states and E ; : 

i by eo-operátion actio ‘their economic, social, and cultural , е” М. < 
The. Pan American Union, ‘the central and permanent organ and ` D m. 
étariat of the. OAS,” has its нец" їп Чази, D: с. Г PES. 


4 


: » —. - ? 
% \ y 
< 5 Е 
з а А о i 
m oe н 
- Bel 2. - 
ее м ү - 
\ ul 
E 
a = 
< 
^ 9 
ы P 
E ^ E \ 
E > - 
iR d Y x 
em, * e Ц Е е - ш 
fu m з 
E x ” b 
a 
n 
n - ы N - 
< . 7 
i ` 
E 2 1 Ж 
УЫ 
ғ EA. H ы; 
\ - - Я _ 
ue 9 ш 
E ] E v 
> v 
D 7h i $ 
E a 
` ' wee 
" Asus 
Я я dc 
= й Ы 
x E 
» ej a 
ES \ "e 
> i 
Ne i ^ 
- a " 
S 4 И 
1 5 


ие zac ES cb phe т У us 
— ED Abie yaa dul ier оа 2325 eG cp zie pM elige uid pai kee 
` К з ; aes a DUE ri жый ыў: OST ul 
1 ШТІ ке eee T. "E "BU : 


‘ 


>, 


Ko Gub rt яж занона бла puma уатан SAXA GU Ha 


Я а ү 
HOW TO OBTAIN UNITED NATIONS PUBLICATIONS. с» oe 


^ United Nations publications may Ъе obtained from béokstozes and анвон 


: -Z throughout the world. Consult your bookstore, or. write te: United: Nation ,, Sales 2 e : 
s. Sertion, New York or Geneva. e ; ` = 
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Еш publications des Nations Unies sont en vente dans- les librairies: е ев десен 4 totes 
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